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CHAPTER I. INTRODUCTION

Objectives and Scope of Investigation

The principal objective of the Sacramento River Water Pollution

Sxirvey is to satisfy the req.ulrements of the various agencies responsi-

ble for or interested in the field of water queility by establishing a

comprehensive knowledge of the many interrelated variables which influ-

ence water quality in the Sacramento River. The survey was planned to

provide the information necessary to establish suitable guides for use

in maintaining adequate levels of water quality in the Sacramento River.

To implement the general objective stated above, the investi-

gation provided for determination of:

1. Present base-line water quaJ.ity conditions in the

Sacramento River from Shasta Dam to Mayberry Slough.

2. Detailed information on present sources of degradation

and their influence on water qusJ-ity.

3. A contintiing water quality monitoring program.

h. Recommendations for future studies ajid for quality

management practices which would maintain optimum water quality

in the Sacramento River.

Data Collection Programs

Field programs were conducted during the period April I960

through June I96I to provide data on physiceG. conditions, chemical quality,

oxygen relationships, ajid the effect of tributaries and waste discharges

on these characteristics

.

A number of preliminary water quality studies were made through-

out the length of the river in order to establish the type and frequency
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of sampling programs. Cross sections were made to insure that sanrpling

stations adeqimtely represented the flow in the river.

This appendix describes the various physical and chemiceLL charac-

teristics of water in the Sacramento River and how this queuLity is changed

by tributaory flows and waste discharges. Oxygen relationships are devel-

oped in detail. Basic data are listed in tables at the end of the appendix,

T-1 throi;igh T-17, inclusive.

Plate 1 shows the locations of sampling stations occupied dxiring

the various sampling programs. Descriptions of daily euid monthly stations

from the department's surface water quality monitoring program are included

in the Bulletin No. 65 series, "Quality of Surface Waters in California".

Stations established for the Sacramento River Water Pollution Survey are

identified by mileages from the confluence of the Sacramento and San Joaquin

Rivers. Stations on tributary streams are identified by river mile at

the confluence ajad by mileage on the tributary. For example, the designa-

tion 302.3RI.O for the Spring Creek station meauis that the creek was sam-

pled 1.0 miles upstream from its right bank confluence with the river

at mile 302. 3. All stations were sampled in the main thread of the stream

from either a boat or a bridge; detailed station descriptions are in

Appendix D.

Monthly Monitoring Program . Since 1951, the department's state-

wide Surface Water Qviality Monitoring Program has included eight stations

on the Sacramento River and 12 stations on tributaries near their conflu-

ence with the river.

Twenty-two temporeiry monthly sampling stations were established

between Shasta Dam and Mayberry Slough. These included seven of the Sur-

face Water Quality Monitoring Program's monthly stations so that biweekly
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data were obtained. Additional sainpling stations were also located on

three tributary streams, tbree major agricultural drains and six waste

discharges.

Monthly sampling stations on the Sacramento River were located

upstream from significant tributaries and waste discharges with enough

intermediate stations to provide a maximum distance between stations of

27.6 river miles. Above the City of Sacramento, stations were located

at bridge crossings wherever possible; otherwise, samples were collected

from a boat. The lower reach below Sacramento was sampled exclusively

by boat. In addition to the normal sampling from the main thread of the

stream, additional samples were taJcen at quajrter points at Rio Vista

(mile 12.8) and above Mayberry Slough (mile 4.0) where the river widens.

Physical sind chemical cheuracteristics were determined as out-

lined in Chapter II of this appendix. Laboratory analyses were made at

the department's facility at Bryte, near the City of Sacramento. Concen-

trations of heavy metals were determined monthly at all stations from

the uppermost stations above Spring Creek (mile 305 •?) to the station

at Bend Bridge (mile 256.3). Downstream from Bend Bridge, samples for

heavy metals analysis were collected from alternate stations on alternate

months

.

Tributary sampling stations were established near the mouths

of Spring Creek, Butte Slough, Colusa Basin Drain, Sacramento Slough,

Feather River, and American River.

To evalxiate the effects of acid mine wastes draining into Spring

Creek, monthly samples from this stream (mile 302.R1.0) were analyzed

for heavy metals. Samples were collected for chemical analysis for 10

of the 15 months of the field survey.
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The monthly waste discharge sanipling program included the Redding,

Red Bluff, West Sacramento, and Sacramento sewage treatment plants, American

Crystal Sugar Conipany at Clarksbvirg, and Redbank Creek which receives

waste waters from Diamond National Corporation. Waste water discharges

were sampled on the day preceding river sampling in the affected reaches.

The sanitary features of waste discharges are discussed in Part 3,

Appendix A, "Water Utilization", and in Appendix C, "Public Health Aspects".

Samples from the four sewage treatment plants and the American

Crystal Sxjgar Company were collected hourly by plant personnel. On the

day following collection, the samples were composited by flow and delivered

to the department's laboratory. Generally, samples from the Redding and

Red Bliiff plants were collected on Mondays and samples from West Sacramento

and Sacramento sewage treatment plants were collected on Wednesdays.

Samples from American Crystal Sugar Company were composited on an equal-

volume basis

.

At the Sacramento sewage treatment plant and the American Crystal

Sugar Company, samples were collected over a 24-hour period. Samples

were collected from 8 a.m. to 7 p.m. at Redding, 8 a.m. to h p.m. at Red

Bliiff, a^id 6 a.m. to 10 p.m. at West Sacramento.

Daily Sampling Program . Under a cooperative agreement between

the Department of Water Resources and the United States Geological Survey,

four daily sampling stations on the Sacramento River and one each on the

Feather and American Rivers had previously been established. Three suidi-

tional stations were established for the present survey. Table 1 lists

the locations and the periods of record of the daily stations:
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Table 1

LOCATIONS AND PERIODS OF RECORD OF DAILY SAMPLING STATIONS

Location
River
Mile Period of Record . Agency

Sacramento River at Bend Bridge 256.3

Sacramento River at Butte City
Bridge l68.2

Diversion from Sacramento River to
Reclamation District No. I08 II8.IR

Sacramento River at Boyer's Pump 111.6

Irrigation Drain, Reclamation
District No. IO8 100. IR

Sacramento River at Knights
Lajiding 90.I

Feather River at Nicolaus 79.9L/9.8

Sacramento River at Bryte 62.6

American River at Fair Oaits 6o.4l/20.3

Sacramento River at Sacramento 59*2

Sacramento River at Freeport h6.k

5/55 - present USGS-EWR

5/55 - present USGS-EWR

4/15/60 - 9/16/60 EWR*

6/1/60 - present USGS-EWR

V15/60 - 12/31/60 DWR*

USGS-EWR

USGS

3/51 - 6/1/60

3/51 - present

V19/60 - present EWR"

3/51 - present USGS

5/51 - 6/1/60 USGS-DTO

6/1/60 - present USGS-EWR

* Established for Sacramento River Water Pollution S\irvey.

Visual inspection and cross sections of qiiality in the Sacramento

River at Knights Landing and Sacramento indicated that grab samples col-

lected at these stations were probably not representative because of in-

cosoplete mixing of upstream tributaries. Therefore, these stations were

discontinued and replaced by stations Boyer's Purap and at Freeport.

Under this program, samples were collected by private contrac-

tors for the United States Geological Svirvey. Samples were collected

from bridges at each of the stations except at Boyer's Pump and Biyte

which were obtained on the right bank from a pump platform and a floating

boat dock, respectively.
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Samples collected under the USGS-DWR cooperative daily station

programs were analyzed at the USGS Sacramento laboratory. Daily samples

collected specifically for the Sacramento River Survey were analyzed at

the department's laboratory. Conductivity was determined for each daily

sample and mineral analyses were made on composites of daily samples.

In general, samples collected at the cooperative stations and at Bryte

were composited with equal volumes of no more than ten daily samples,

and of fewer samples where specific conductance of individual samples

varied by more than 15 percent.

Samples from the supply to and the irrigation drainage from

Reclamation District No. 108 were composited on the basis of the specific

conductance of the daily samples. Mineral aiialyses were made on single

daily sanrples and on composites containing as mamy as 15 daily samples.

Continuous Recorders . Table 2 lists the locations and periods

of record of continuous conductivity recorders on the river and on the

Colusa Basin Drain and the Feather River.
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Table 2

LOCATIONS OF CONDUCTIVITY RECORDERS

Location River Mile . Period of Record

Sacramento River at Red Blxiff

Sacramento River at Colusa

Sacramento River above Colusa
Basin Drain

Colusa Basin Drain near Mauth

Feather River near Mouth

Sacramento River at Sacramento Weir

Sacramento River at Freeport

Sacramento River at Walnut Grove

2U4.1



Intensive Four-Day Sampling Surveys . The monthly and daily

sampling programs described above permitted an evaluation of seasonal

variations in water quality. Detailed information on short-term vauria-

tions in conductivity was provided by the continuous recorders. Additional

data obtained from closely spaced stations at frequent intervals were

required to determine the effects of waste discharges emd intensive svir-

veys were accordingly planned.

Distances, laboratory facilities, and available personnel re-

qiiired that the river be divided into three reaches. Intensive siirveys

were conducted within each reach, with some overlapping. Samtpling sta-

tions were sepeurated by from one to fifteen miles, depending upon the

hydrography and the locations of waste discharges. Locations of these

stations are shown on Plate 1.

Three periods were selected to correspond to adverse conditions

of flow and waste loeidings. These axe summarized in Table 3*
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Table 3

INTENSIVE SAMPLING SURVEYS

Reach River Mile Period

:Average!

:Keswick:
:Release;

: cfs

Remarks

Upper 293.9 to 2Bk.3 6/6-IO/60

10/3-7/60

8,000 Snowmelt essentially complete.
Nominal irrigation diversions.

6,000 Minimum reservoir release.
Maximum irrigation return
flows.

Middle I8U.5 to 62.6 9/l2-l6/60 7,000 Maximxam effects of rice field
drainage

.

5/8-I2/6I 7,500 Minimal irrigation diversions
and returns.

Lower 62.6 to U.O 6/20-2k/60 10,000 Nominal irrigation diversions.

8/29-9/2/60 9>000 Nominal irrigations diversions
and returns. Peak seasonal
industrial discharges.

IO/2U-28/60 5^500 Minimum reservoir releases and
irrigation diversions. Highly-

mineralized irrigation returns.

The intensive siirveys provided detailed data on bacteriologi-

cal quality and oxygen relationships. These are discussed in Chapter V

of Appendix C and Chapter V of this appendix, respectively. Limited data

on short-term variations in chemical constituents were obtained; these

are discussed in Chapter IV, below.

Agricultiiral Drainage Sampling Program . Samples were collected

twice monthly when the drains were operating during the period May I96O

to Msurch 1961 at the locations listed in Table k:
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Table h

LOCATIONS OF MAJOR AGRICULTURAL DRAINS

Agricultural Drain : River Mile

Butte Slough 138. 9L

Reclamation District No.. 70 12h.2L

Reclamation District No. I08 100.IR
(Rough sind Ready Pumping Plant)

Reclamation District No. 787 93 .^R

Colusa Basin Drain 90 -SR

Sycamore Slough 90 -SR

Sacramento Slo\:igh 8O.8L

Natomas Cross Canal 79 -IL

Reclamation District No. 1000 66. 3L
(Pumping Plant No. 3)

Reclamation District No. 1000 6I.5L
(Natomas Main Canal)

Natomas East Main Drain 60.6L

Special daily sampling programs were conducted on the supply

and drainage waters of Reclamation District No. I08 and the Sopwith rice

field during the i960 irrigation season. The results of these investi-

gations are reported in Appendix A, Part 3«

Miscellaneous Sampling Programs . A number of limited sampling

programs provided data which hats been used in the appendix. These included

a pH recorder on Spring Creek, temperature recorders at Red Bluff and

Freeport, and depth sampling of Shasta Lake and Keswick Reservoir. Data

from Keswick Reservoir is presented in data tables at the end of this appen-

dix. Results of the other san^jling programs axe in the department's files.
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Related Investigations and Reports

The following reports, containing information and data perti-

nent to evaluation of water quality of the Sacramento River, were reviewed

in connection with the current investigation. Reference is made to these

reports in the text by means of numbers in parenthesis; e.g., (l)

(1) Aceuiemy of Natural Sciences of Philadelphia, Department of Limnology.
"Sacramento River, Keswick Reservoir and Vicinity." July 1956.

(2) Babbitt, H. E. and Doland, J. J. "Water Supply Engineering." Fifth
Edition. McGraw-Hill, Inc. New York. 1955-

(3) California State Department of Fish and Game. "A Preliminary Report
on the Upper Sacramento River Copper Pollution, Shasta County."
1953-

(4) California State Department of Public Health. "A Study of the Sacra-
mento River as Influenced by Waste Discharges from the American
Crystal Sugar Corporation, Clarksburg, California." 1950.

(5) California State Depeirtment of Public Works, Division of Engineering
and Irrigation. "The Develxjpment of the Upper Sacramento River."
Bulletin No. 13 . I928.

(6) California State Department of Public Works, Division of Water Resources,
Twenty-Six Reports of Sacramento-San Joaquin Water Supervision
Covering the Period 1924 to 1954.

(7) "Sacramento River Basin." Biilletin No. 26. 1931.

(8) . "Variation and Control of Salinity in Sacramento-San Joaquin
Delta and Upper San Francisco Bay." Bulletin No. 27. I93I.

(9) "San Joaquin River Basin." Bulletin No. 29. I93I.

(10) . "Water Survey of the American River Watershed." February 26,
1931.

(11) . "Quality of Substitute Waters - San Joaquin Valley." Volume
h of h. (Unpublished). 1937 and I938.

(12) . Report to Central Valley Regional Water Pollution Control
Board on "Waste Discharge Survey and Pollution Study of Sacramento
River, Sacramento Sewer Outfall to Cache Slough." (Project Code
No. 52-5-4). June I952.

(13) Ceilifomia State Depajrtment of Water Resoiirces, Division of Resources
Planning. "Quality of Surface Waters in California, I95I-54."
Water Quality Investigation Report No. 15 . November I956.
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(llj.) "Report of Sacramento-San Joaquin Water Supervision for 1955'"

Bulletin No. 23-55. June 1957.

(15) "Quality of Surface Waters in California, 1955-1956." Bulletin

No. 65. December 1^57

•

(16) "Svirface Water Flow for I956." Biilletin No. 23-56. January

1959.

(17) . "Water Quality Investigation - Upper Sacramento Development."

(Unpublished). February i960.

(18) . "Surface Water Flow for 1957-" BiiLLetin No. 23-57. February

i960.

(19) . "Inventory of Water Quality, Sacramento-San Joaquin Delta
1906-1957." (Office Report). Jiily I96O. First Supplement dated

July i960.

(20) "Quality of Surface Waters in California - 1957 •" Bulletin

No. 65-57. December I96O.

(21) "Quality of Siirface Waters in California - I958." Bulletin

No. 65-58. December I96O.

(22) "Quality of Surface Waters in California - 1959'" Bulletin

No. 65-59. July 1961.

(23) California State Water Pollution Control Board. "Water Quality
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CHAPTER II. FIELD AND LABORATORY PROCEDURES

Field Procediires

Water samples for dissolved oxygen (DO) determinations were

taken with a two-liter Kemmerer sampler at a depth of foiir feet. If the

stream was less than four feet deep the 300 ml DO bottle was immersed

by hand to mid-depth and allowed to fill. Water from the Kemmerer sam-

plers was drained into a DO bottle through a rubber tube, allowing an

overflow of from one to three times the sample volume.

Dissolved oxygen concentrations were determined in the field,

within a few minutes of the sampling time, with the Alsterberg (Azide)

modification of the Winkler method. Thiosulfate solutions were standard-

ized at the beginning of each survey period. Chloride concentrations

in the lower reach were low enough that correction factors were not needed.

The desirability of field titration was indicated by a limited

stiidy during the first intensive survey where field DO's were compared

with those obtained from duplicate samples which were carried through

the acidification stage in the field and titrated after three to six hours

delay. Figtire 1 shows that time delays between acidification and comple-

tion of the analysis generally resxilt in an increase in the indicated

DO. Of the 93 paired values shown on the figure, 1^+ points from one sam-

pling reach are indicated by crosses. These points suggest that the

particular bxirette calibration resulted in consistently high values; if

they are neglected, the effect of time delays is even more apparent.

Those values in the shaded portion of the figure are of doubtful veQ.ue

because of the inexperience of some of the field crews.

The positive bias shown by samples titrated in the laboratory

was confirmed by two swLditional though smaller series of tests. The
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numerical value of the bias is uncertain, but is significantly more than

the estimated analytical error of 0.1 ppm.

The importance of adequate training of field crews in analyti-

cal procedures is implicit in the foregoing paragraphs. In Chapter V

of this appendix, it is shown that erratic resxilts which could be traced

to particular crews occasionally had to be neglected in characterizing

oxygen relationships.

Sampling for Physical and Chemiceil Analyses

Water samples for physical and chemical analyses were either

taken from the Kemmerer sampler after the dissolved oxygen sample had

been withdrawn or obtained by immersing the collection bottle in the stream.

All sampling equipment was flxished with the stream water at the site be-

fore sampling.

Temperatures were read, from 5-l/2-inch armored pocket thermo-

meters to the nearest l/2°F. Field pH was determined by a Hellige pocket

comparator general 1 y using Bromthymol Blue D with a range of 6.0 to 7.6.

Storage and Transportation of Samples

Half-geQJLon BOD samples were iced and taken to the laboratory

as soon as possible. Standard commercial picnic ice chests large enough

to hold eight samples were used. During intensive sampling programs,

the time lag between sample collection and delivery of the samples to

the laboratory was generally 6 to 12 hours.

During monthly sampling runs, BOD and nitrogen series samples

collected in the Redding area were shipped to Sacramento via bus where

they were picked up and delivered immediately to the laboratory. The

san^jle bottles were placed inside plastic bags which were filled with

cracked ice and placed in plywood shipping cases. River samples generally
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arrived at the laboratory 1 to 12 hours after collection. Composited

sewELge samples were generally delivered within 2 hours after collection

of the last portion.

Nitrogen series samples were collected in half-gallon bottles

and acidified with 3 ml of 36n N2S0l^ to minimize changes during

transportation

.

The importemce of transportation and storage times for nitrate

analyses of river water is indicated by Figure 2. Nitrate concentrations

from nitrogen series analyses were obtained within 1 to 12 hours after

sanrpling. Concentrations determined in the course of complete mineral

analyses in order to check ion balances were obtained sifter delays of

days or weeks . The 132 paired values shown in Figure 2 show that neither

the sign nor the magnitude of the changes can be predicted. At the 90

percent confidence level, the ratio of delayed nitrate to immediate nitrate

concentrations varied from 0.22 to 2.6.

Samples collected for ether-soluble determinations were also

fixed by the addition of 3 ml of 36N H2SOI4.. Phenol samples were collected

in half-gallon bottles and fixed with approximately two grams of copper

sill fate

.

Laboratory Procedures

Methods are those appearing in the 11th edition of Standard

Methods for the Examination of Water and Waste Water unless otherwise

indicated. Analytical resxilts are reported in parts per million unless

otherwise specified. The Beckman Model B spectrophotometer was used for

colorimetric procedures.
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PhysicaJL Analyses

Color. The method is one of comparison using standard color

discs and the Hellige Aq.ua Tester, with results reported in arbitrary-

units .

Threshold Odor . Dilution method based on diluting a sample

vith odor-free water at 6o*C tintil any odor present is barely percepti-

ble. The threshold odor nvmiber is reported in dilution units.

Turbidity . A Hellige Tiirbidimeter was used. This method is

based on comparing light from a calibrated so\irce scattered by a stand-

ard silica solution with that scattered by the sample. Results reported

as ppm silica.

Suspended Solids . Residue method. Sample filtered through a

glass fiber mat placed in a Gooch crucible, and dried at lOS^C for one

hour.

Dissolved Solids . Sample evaporated on steam bath and dried

in oven for one ho\ir at iSO^C.

Chemical Analyses

Calcixim (Ca) . EDTA titrimetric method.

Magnesium (Mg) . CsuLculated from difference between equivalent

parts per million EDTA hardness and equivalent parts per loillion calcitm.

Sodi\jm (Na) . Flame photometer, Beckman Model DU.

Potass i\jm (k) . Flame photometer, Beckman Model DU.
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ALkal Inity (CO3 end HCO3) . Potentiometric method using Beckman

Zeromatic pH meter titrating water saniple to equivalence points.

Sulfate (SOij.) . Gravimetric method.

Chloride (Cl) . Mohr method.

Fluoride (f) . SPADNS method

Nitrate (NO3) . Phenoldisulfonic acid method.

Silica (Si02) • Heteropoly blue method.

Boron (b) . Carminic acid method.

Hardness (Ca + Mg) . EDTA method. Reported as ppm CaCOo.

Noncarbonate-Hardness . Calculated by subtracting alkalinity

(as CaCO^) from total hardness (EOTA) .

Nitrogen Series .

Animnnium (NHl^.) . Distillation and Nesslerization.

Nitrite (NO2) • Diazotization method.

Nitrate (NO3) . Phenoldisulfonic acid method.

Organic Nitrogen (Org. N.). Kjeldahl method.

Phosphate

Ortho (POl).) . Phosphomolybdate method.

Total (POi^.) . Acid hydrolysis-phosphomolybdate method.

Oil and Grease (ether-soluble) . Wet extraction method using

diethyl ether. Standard Methods for the Examination of Water and Sewage,

9th Edition (19^6), page k2.

Detergents (ABS) . Methylene blue method.
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Phenolic Material . U-aminoantipyrene method.

Tannin and Lignin . Molybdophosphoric acid method.

Oxygen Analyses

Dissolved Oxygen (PO) and Biochemical Oxygen Demand (BOD) .

Alsterberg (Azide) modification of the Winkler method.

Chemical Oxygen Demand (COP) . Dichromate reflijx method.

Iron (Fe) . o-phenanthroline method.

Aluminum (A1) . Ferron-phenanthroline method used for screening.

Aluminon method used for the determination.

Arsenic (As). Heteropoly blue method.

Chromium

Hexavalent (Cr"^°) . Dephenylcarbazide method.

Total (Cr) . Permaiiganate-azide method.

Copper (Cu) . 'Cuprethol' method.

Lead (Pb) . Dithizone extraction method.

Mangsmese (Mn) . Tetrabase method used for screening. Potas-

slvaa method used for determination.

Zinc (Zn) . Dithizone extraction method.

Cadmium (Cd) . Dithizone extraction method.

Specific Conductance (EC) . Wheatstone bridge method.
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pH. Glass electrode method using Beckman Zeromatic pH meter.

pH vsuLues are recorded as units to nearest one-tenth.

Percent Sodiiom (^Na) . Calculated according to the U. S. Depart-

ment of Agriculture Handbook No. 6o.

-25-





CHAPTER III. WATER QUALITY CRITERIA

Criteria utilized in eveLLuation of the quality of water of the

Sacramento River are presented in two categories: (l) general criteria

which are applicable to broad classifications of uses and not associated

with any particular source of water supply, and (2) specific criteria

related directly to the water quality of Sacramento River.

General Criteria

These criteria were used as guides in determination of the suit-

ability of a water supply with respect to the following broad categories

of uses: domestic and municipal water supply, industrial water supply,

irrigation water supply, and preservation and protection of fish and

wildlife.

Domestic and Municipal Water Supply

Chapter 7 of the California Health and Safety Code contains

laws and standards relating to domestic water supply. Section i*010.5

of this code refers to the drinking water standards promulgated by the

United States Public Health Service for water used on interstate carriers.

These criteria have been euiopted by the State of California. They are

set forth in detail in United States Public Health Report, Volume 6l,

No. 11, March 15, 19k6, reissued in March 1956.

According to Section k.2 of the above-named report, chemical

substances in drinking water supplies, either natural or treated, should

conform with the limitations presented in Table 5«
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Table 5

LIMITING CONCENTRATIONS OF CHEMICAL
CONSTITUENTS FOR DRINKING WATER

United States Public Health Service
Drinking Water StandeircLs, 19^



Water Standards, provided the mineral constituents in Table 6 are not

exceeded.

Table 6

UPPER LIMITS OF TOTAL SOLIDS AND SELECTED MINERALS IN

DRINKING WATER AS DELIVERED TO THE CONSUMER

CsJ-ifomia State Board of Public Health

! Permit* \ Temporary Permit

Total solids 500 (lOOO) 1,500 ppm
Sulfates (SOI4.) 250 (500) 600 ppm
Chlorides (Cl) 250 (500) 6OO ppm
Magnesium (Mg) 125 (125) I50 ppm

* Numbers in parentheses are maximum permissible, to be
used only where no other more suitable waters are avail-
able in sufficient quantity for use in the systems.

The California State Board of Hesilth has defined the maximum

safe amounts of fluoride ion in drinking water in relation to mean annual

temperature.

Mean annual Mean monthly maximum
temperature fluoride ion concentration

in "F in ppm

50 1.5
60 1.0
70 - above O.7

The relationship of infant methemoglobinemia (a reduction of

oxygen content in the blood, constituting a form of asphyxia) to nitrates

in the water supply has led to limitation of nitrates in drinking water.

The California State Department of Public Health has recommended a ten-

tative limit of 10 ppm nitrogen (44 ppm nitrates) for domestic waters.

Water containing higher concentrations of nitrates may be considered to

be of questionable q\aality for domestic and municipal use.
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Limits may be established for other organic or mineral substances

if their presence in water renders it hazardous, in the judgment of state

or local health authorities.

An additional factor with which water users are concerned is

the factor of hardness. Hardness is due principally to calciim and mag-

nesivm salts and is generally evidenced by inability to develop suds when

using soap. The United States Geological. Survey considers the four classes

of degrees of haxdness listed in Table 7«

Table 7

HARDNESS CLASSIFICATION OF WATERS
U. S. Geological Survey

Range of : Relative
hardness in ppm ; classification

0-60 Soft
61 - 120 Moderately hard

121 - 200 Hard
Above 200 Usually requires softening

Criteria for maxinium permissible concentrations (MPC) for dis-

charge of radionuclides into sanitary sewerage systems have been adopted

by the Atomic Energy Commission. The waste discharge limits have been

published in the Code of Federal Regulations, Title 10, Chapter 1, Part 20,

Paragraph 20.303(c), which states:

"The quantity of any licensed or other radioactive material
released in any one month, if diluted by the average monthly
quantity of water released by the licensee, will not result
in an average concentration exceeding the limits specified
in Appendix B, Table 1, Column 2, of this part."

The table lists permissible concentrations of radionuclides. For mixtures,

where the identity or concentration of any specific radionuclide is xinknown,

the table gives a limiting value of 3 x 10"''' uc/ml (3OO uuc/l)

.
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Criteria for Irrigation Water

Criteria for minered. quality of water have been developed by

the Regional Salinity Laboratories of the United States Department of

Agricultiire in cooperation with the University of California.

Because of the diverse climatological conditions, crops, soils,

and irrigation practices in California, criteria which may be set up to

evaluate the suitability of water for irrigation use must necessarily

be of a general nature, and judgment must be used in their application

to individual cases. Suggested limiting values for total dissolved solids,

chloride concentration, percent sodium and boron concentration for three

general classes of irrigation water are shown in Table 8.

Table 8

QUALITATIVE CLASSIFICATION OF IRRIGATION WATERS

Chemical properties

Class 1 Class 2 Class 3
Excellent
to good

(Suitable for
most plants

xinder any con-
ditions of soil

and climate)

; Good to
; injurious
; (Possibly harm-
; ful for some

crops under
; certain soil
: conditions)

: Injurious to
; unsatisfactory
: (Harmful to
:most crops and
:unsatisfactory
:for all but the
; most tolerant)

Total dissolved solids:

In ppm
In conductance
micromhos at 25*0

Chloride in concentration:

In milliequivalents
per liter

In ppm

Sodium in percent of
base constituents

Boron in ppm

Less than 700 700 - 2,000 More than 2,000

Less than 1,000 1,000 - 3,000 More than 3,000

Less than 5

Less than 175

Less than 60

Less than 0.5

5 - 10

175 - 350

More than 10
More than 350

60 - 75 More than 75

0.5 - 2.0 More than 2.0
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Industrial Water Supply

Water quality criteria for industrial waters are as varied and

diversified as industry itself. Food processing, beverage production,

pulp and paper manufacturing, and textile industries have exacting require-

ments, while cooling or metalliirgical operations permit are of poor quality

waters. In general, where a water supply meets drinking water standards,

it is satisfactory for industrial use, either directly or following a

limited amount of polishing treatment by the industry.

Preservation and Protection of Fish and Wildlife

A healthy and diversified aquatic population is indicative of

good water quality conditions which in turn permit optimum beneficial uses

of the water. For such a popxilation to exist the environment must be suit-

able for both the fish and the food-chain organisms.

Many mineral aad organic substances in low concentrations are

harmful to fish and aquatic life. Insecticides, herbicides, ether-soluble

materials, and salts of heavy metals are of particular concern.

Tolerances to temperature extremes vary widely between fish

species. In genersil, coldwater fish are found in waters of from 32" to

65 °F and warrawater fish require temperatures between h^'* and 85 "F. The

maximum temperature for successfiol salmon spawning is 58 °F. Rapid changes

in water temperature may result in fish kills.

The minimum req\iirements for dissolved oxygen concentrations

vary with the location and season. In general, 5 PPm is satisfactory for

migrating fish. However, anadromous fish require at least 7 PPm dissolved

oxygen in spawning areas and, under some conditions, 9 PPni is needed.

It has been found that pH limits of 6.5 to 8.5 provide satis-

factory protection for fish.
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The combined effect of many chemicaJL or physical characteris-

tics are not the simple sum of the specific effects. For example, while

the hardness of the water does not of itself affect fish, some insecti-

cides are more toxic in soft water and others are more toxic in hard water

(chapter II, Appendix C) . These problems of synergistic and antagonistic

effects extend throiJgh a wide range of materials and conditions. Frequently,

determination of the effects of a paxticialar waste discharge is dependent

upon biological studies in similar waters receiving similar wastes. In

many cases, these requirements for similarity may not be met and labora-

tory bioassays are ijecesseiry.

Specific Criteria

Specific criteria which are related directly to water quality

of Sacramento River are included in a policy statement adopted by the

Central Valley Regional Water Pollution Control Board, recommendations

by a board of consultants on water quality, and a contract between the

California State Department of Water Resoxirces and the Metropolitan Water

District of California.

Policy of the Central Valley Regional Water Pollution
Control Board (No. ^)

In September 195^, the board adopted Resolution No. 5U-35 to

provide guidance in preparing quality requirements for wastes to be dis-

charged into Sacramento River. Relevant sections of this resolution are

quoted as follows:

"RESOLVED, that as an initial policy the waters of the
Sacramento River at the Division of Water Resources sampling
station (Station No. I5) at M Street Bridge near the City of
Sacramento:
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1. ShaJJ. not have a sulphate concentration in excess of
k ppm over the sxolphate concentration present in the
river at the same sampling station. Maximum observed
to date 40 ppm.

2. Shall not have a chloride concentration in excess of
k ppm over the present chloride concentration at the
same sampling station. Maximum observed to date 20
ppm.

3. Shall not have a sodixmi concentration in excess of h
ppm over the present sodiimi concentration at the same
sampling station. Maximian observed to date 25 ppm.

h. Shall not have a hardness concentration in excess of
^4^ ppm over the present. Maximum observed to date 92
ppm.

5. Shall not have a total solids concentration in excess
of 25 ppm over present. Maximum observed to date I76
ppmj and be it

RESOLVED further. That

6. The Sacramento River at no point shall have a dissolved
oxygen concentration of less them 85 percent saturation.

7. The waters of the Sacramento River at all points shall
be bacteriologically safe for its present use.

8. The waters of the Sacramento River shall, be free of
grease slicks and floating solids of sewage or waste
origin.

9. The Sacramento River shall have no substances discharged
to it of such character or quantity as to be injurious
to humans, plant, animal, fish or aquatic life.

10. The Sacramento River shall have no substances discharged
to it of such character or quantity as to be injiorious
for irrigation use.

11. The Sacramento River shall not have sludge of sewage
or waste origin deposited either on its bottom or banks.

12. The Sacramento River shall receive no waste discharges
which will cause objectionable discoloration.

13. Waste discharges to the river shall not raise the temp-
erature of the Sacramento River more than 0.5°F at
any point.
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Ik. Waste discharges shall not cause the pH of the river

to fall below 6.5 nor rise above 8.5 at any point except

that no more than 10 percent of the samples shall be

less than 7-0 and no more than 10 percent of the sam-

ples shall be more than 8.0.

15. The Sacramento River shall have no substances in it

of such character or quantity as to be capable of caus-
ing detectable tastes or odors in a domestic water
supply after conventional and practical treatment."

Recommendations by Board of Consultants

A board of consultants was retained by the Department of Water

Resoxirces to recommend water quality criteria for water for export at

points of diversion at the southern boundary of the Sacramento-San Joaquin

Delta under the ultimate pattern of water transfer and use proposed in

The California Water Plan. The 1955 recommendations by this board were

adopted by the Department of Water Resources as the quality objectives

to be met at points of diversion from the Delta for water to be exported

to the major areas of deficiency.
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Table 9

VfATER QUALITY LIMITS FOR WATER FOR EXPORT AT
POINTS OF DIVERSION AT SOUTHERN BOUNDARY

OF SACRAMENTO-SAN JOAQUIN DEHTA

Recommended by Board of Consultants on Water Quality
June 1955

Item Limit

Total Dissolved Solids ^
Electrical Conductance (EC x 10° at 25 "c)

Hardness as CaCO^
Sodium Percentage
Sulfate
Chloride
Fluoride
Boron
PH
Color

Other constituents as to which the U. S. Public
Health Service has or may establish mandatory
or recommended standards for drinking water
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"It shall be the objective of the State and the State

shall take nil reasonable measures to make available, at all

delivery structures for delivery of project water to the Dis-

trict, project water of such quality that the following con-

stituents do not exceed the concentrations stated as follows

(Table 10):

Table 10

WATER QUALITY OBJECTIVES FOR
THE METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA





CHAPTER IV. PHYSICAL AND CHEMICAL CHARACTERISTICS

PhysicaJ. and chemical changes in Sacramento River water are

caused by naturaJL phenomena and by activities of man. Changes which occur

during beneficial use are discussed in Part 3^ Appendix A. This chapter

is concerned with the effects of various natural events, water discharges

and beneficial uses upon the river itself.

In general, monthly profiles of the river showing concentrations

of various constituents are presented in this chapter, together with charts

showing historical -variations in water quality at selected stations.

Basic data are incliided in a separate section at the end of the appendix.

Temperature

Water temperatures affect such physical features as density,

surface tension, viscosity, and saturation values of solids and gases,

and control the rates of chemical and biochemical reactions. Temperature

of water is fundamentally important in fish migration and spawning, seed

germination and plant growth, and industrial coo3J.ng applications.

Data for the calendar year I96O have been reviewed and evalu-

ated to determine their credibility ajid to define the present temperatiire

regimen of the Sacramento River. Monthly averages of daily siirface sam-

ples at four stations from Keswick (mile 300.l) to Freeport (mile kS.k)

are listed on Table 11.
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Table 11

AVERAGE MONTHLY TEMRERATURES OF SACRAMENTO RIVER, I96O



I

RIVER MILES
300 280 260 240 220 200 ISO 160 140 120 100 80 40 20



Computations of the heat budget of the river were unsuccessful.

Although reasonable estimates for net radiation and for evaporative cool-

ing may be made, available water tenrperatxire data are inadequate for cal-

culating the budget. Such data are subject to instrumental and observational

errors and to diurnal variations. In addition, surface or near-surface

temperatures in many cases are not representative of the average through-

out the cross-section. Evidence from intensive survey data for tempera-

ture stratification downstream from warm tributary inflows is presented

in the following paragraphs. Similar considerations suggest that cooler

tributary waters tend to slide and remain under the main flow for consider-

able distances.

Table 12 lists the average temperatiires and diurnal variations

observed d\iring four-day intensive surveys made in the upper and middle

reaches between May and October. Average temperatures during the inten-

sive surveys are discussed in Chapter V in connection with their effects

on oxygen saturation values. The significance of the diiornal temperatlire

variations lies in their relationships to hydrographic features.

In general, the greatest diurnal variations are found in the

upper portion of the river. The lower reach exhibits about the same varia-

tions as the middle reach. The greater variations in the upper reach

are associated with the higher rates of temperature increase and may re-

flect, to some degree, the effects of rapids which may be more efficient

heat exchangers than are the intervening pools. Locally, however, tribu-

tary streams exercise a much greater effect upon near-surface temperatures

in the river. Inspection of Table 12 shows that the greatest diumEuL

variations characteristically extend downstream from the confluence of

warmer tributary flows for from 5 to 15 miles.
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Table 12

DIURNAL TEMPERATURE VARIATIONS IN SACRAMENTO RIVER

Upper Reach



Table 12

DIURNAL TEMPERATURE VARIATIONS IN SACRAMENTO RIVER
( continued)

Upper Reach



Table 12

DIURNAL TEMPERATURE VARIATIONS IN SACRAMENTO RIVER
(continued)

Middle Reach



near the sxxrface by means of thermistor readings at close vertical inter-

vals will provide much of the required data.

pH

Most natursJ. waters are slightly alkaline and the Sacramento

River is typical in this respect with median pH vsuLues of 7.3« Tributary

rivers are similar, irrigation returas are somewhat more alkaline, and

Spring Creek is a strongly acid stream. A comparison of historical emd

current data is presented on Table 13

.

Table 13

pH IN SACRAMENTO RIVER AND TRIBITTARIES



The acidic character of mine wastes in Spring Creek is apparent

from Table 13 . Upon discharge into the Sacramento River, flows from the

creek are quickly buffered or neutralized so that no effect on the river

was observed. A more detailed discussion of Spring Creek is presented

later in this chapter.

Suspended Solids

Determinations for suspended solids were made at each of the

monthly stations during the period April I96O through March I96I. Con-

centrations of suspended solids in the Sacramento River eire shown on

Figure k. Table 1^*- summarizes data collected at nine river and four

tributary stations:

Table Ik

SUSPENDED SOLIDS IN SACRAMENTO RIVER, I96O-6I

: Parts



<

<

<
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populations discussed in Chapter VII, Appendix C. The effects of tribu-

tary streams and irrigation drains result in locaJL increases shown on

Figiire k.

The United States Geologicsil Survey makes daily observations

of suspended (mineral) sediment at Red Bluff and Sacramento. Unpublished

records for the period October 1957 to September 1959 shov that higher

concentrations occur at times of higher flows during the winter and early

spring months. Average monthly concentrations varied from about 10 ppm

during the late summer to over 200 ppm during the heavy runoff season.

Suspended solids values obtained on samples from within the upper four

feet during this investigation are thus comparable with the average sus-

pended sediment concentrations throioghout the depth of the river during

low flow periods. However, during high flows, average concentrations

are much higher than surface suspended solids.

Turbidity and Water Transparency

Txirbidity data have been collected monthly from several stations

on the Sacramento River since 1951- During the survey, turbidity was

determined monthly at 22 stations. In addition, data on water transparency

were obtained two weeks later by use of a Secchi disc dviring the monthly

sampling program for the biological phase of the survey. The results

of the transparency observations are discussed in Appendix D.

Redding, Hamilton City, and Snodgrass Slough were selected as

typicEil stations to show the historic and seasonal pattern of turbidities

in the upper, middle, and lower reaches of the Sacramento River. Turbidi-

ties for these stations are plotted on Figure 5' Turbidities at other

stations sampled during the Sacramento River Siirvey are genereQJ^ consist-

ent with the plotted vsJiues

.
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Txirbidity at Redding was generally less than 25 ppm except for

periods of high flow in 1955-56 and 1958. At Hamilton City, turbidities

were generally less than 25 ppm from 1955 to I96I. In contrast to the

station at Redding, maximum values between 250 and 300 ppm during January

and February reflect seasonal peaks due to higher turbidities of unregu-

lated tributary discharges.

Seasonal variations of turbidity at Snodgrass Slough are less

pronounced than those at Hamilton City. Relatively larger summer varia-

tions which appear between the two stations and which are probably related

to irrigation return flows are reduced by dilution with waters from the

Feather and American Rivers.

The following tabulation summarizes turbidities in various

influents

:

Table 15

TURBIDITY IN TRIBUTARIES TO SACRAMENTO RIVER, I96O-6I



<
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Figxire 7 shows the relationship between turbidity and transpar-

ency determined by Secchi disc. The scatter of the points is due to

limitations of both types of measurements; nevertheless, the genersJ.

inverse relationship is clear.

A limited number of observations were made in October and November

i960, with a submersible photometer. The depths at which the incident

light was reduced by an order of magnitude was determined. It was found

that, for each station, the depth for 90 percent reductions in incident

light (D-90) was essentially constant. At mile 305*7^ for example, the

light was reduced by 90 percent every five feet. The constancy of D-90

was noted in both the upper reach and at Rio Vista, indicating a high

degree of vertical mixing of those factors which reduce transparency.

D-90's from mile 305.7 to mile 2U9.O varied from 5.0 to 12.5 feet and

were directly proportional to the depth. D-90's at Sacramento and Rio

Vista were about k and 2.5 feet, respectively. These values are generally

consistent with observations of turbidity and transparency discussed

previously.

The I9U6 Public Health Service drinking water standards set

a limit of 10 ppm on turbidity. Figures 5 and 6 both show that, although

turbidities are generally within this range, provision for removal of

turbidity must be made in domestic water supply systems.

Color

Color was determined for each of the monthly samples collected

from April i960 through March I96I, and for the composites of daily sam-

ples collected at Bend Bridge, Butte City, Wilkins Slough, and Freeport.

Table I6 surmiarizes color data collected at six typiceJ. river

stations and two tributaries.
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Table l6

COLOR IN SACRAMENTO RIVER AND TRIBOTARIES , I96O-6I

Station



during this investigation by the carbon adsorption method and their re2-a-

tion to tastes and odors are discussed in Chapter VIII, Appendix C.

Threshold odors were determined on monthly samples collected

from all stations from April I960 through March I96I. Median odor con-

centrations increased from about one unit just below Shasta Dam to about

four units below Freeport. Maximum odors were found in late spring which

were generally two or three times the median concentrations. A lesser

peak occurred during the early fall months. Concentrations at the mouths

of the Feather and American Rivers were about the same as those in the

river at those points. The longitudinal and seasonal variations of odors

correspond closely to plankton populations in the river (Chapter VII,

Appendix C)

.

Specific Conductance and Dissolved Solids

Figure 8 shows historical variations in specific conductance

of Sacramento River waters. At Redding, there is a tendency for higher

values in the late fall and early winter and for lower values in the late

summer although there are frequent departures from this pattern. Similar

conditions occur at Hamilton City except that the maximum values usually

occur a month or two later. At Snodgrass Slough, minimum values are

found in the winter and early spring and maxima occur dxiring the late

summer and early fall months, corresponding with the period when irriga-

tion drainage is returned to the river.

Figures 9 and 10 show monthl;y profiles of specific conductance

and total dissolved solids at 22 river stations in I96O-6I. During the

spring months, the river typically improves in quality as it flows down-

stream due to snowmelt in tributary streams. During the balance of the

year, water quality in the river degrades below mile ikO because 6f
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irrigation return flows. Below Verona water quality iniproves due to

Feather and American River flows . The high degree of correlation between

specific irrigation discharges and rapid increases in mineral constitu-

ents is apparent from the figures. In the upper reaches, specific con-

ductsjice generally varied between 120 and l^K) micromhos. At Bryte (mile

62.6), values ranged from 120 in the spring to about 220 during the summer

and 260 in early September. American River flows between July and mid-

September reduced these values by about 30 micromhos.

Conductivity recorders were located at Red Bluff, Colxisa, above

Colusa Basin Drain, Sacramento, Freeport, and Walnut Grove (Plate 1).

Data from the recorders are shown on Figure T-1 at the end of this appendix.

In addition, a recorder was installed at Isleton for a short period in

I96I; data from this station are available in departmental files. The

two upstream stations showed little change throughout the year except

during periods of extreme flow variations. During the irrigation season,

discharges from the pumping plant serving Reclamation District No. IO8

at mile 100.IR resulted in rapid changes at downstream recorders where

the conductance typically increased by several tens of micromhos within

an hour, remained at the higher level for varying periods of time, and

then dropped to the base level. Comparison of the continuous record with

daily sampling station data at Sacramento showed that slvigs of high con-

ductivity waters due to pumping during off-peak hours at R. D. IO8 were

typically missed in the daily sampling. The travel times of slugs can

be readily determined from the continuovis records. These are discussed

in Part 1, Appendix A. Coefficients of longitudinal mixing may also be

determined from the continuous records, and it is recommended that a study

of the data in Figure T-1 be undertaJien for such a determination. The

persistence of high conductivity slvigs to at least Isleton clearly indicates

-60-



the possibility of using conductivity recorders to determine travel times,

flow distribution, and mixing coefficients within the Delta itself between

the point of diversion at the Delta Cross-Channel and the Tracy Pumping

Plant.

Specific conductance and toteil dissolved solids throughout the

river were well within the limits for beneficial uses discussed in

Chapter III.

Relationship of Specific Conductance to Flow

In a natural stream, specific conductance is typically inversely

proportional to flow. Impoiondments and waste discharges often modify

or eliminate the typical relationship.

Figure 11 shows the relationships of specific conductance to

flows at Bend, Butte City, Knights Landing, eind Sacramento. The figure

indicates that, in the upper reach, conductance is relatively constant

over wide ranges of flows. By the time the flow reaches Knights Landing

(mile 90.4), the typiceil inverse relationship begins to appear, although

there is a large amount of scatter in the data. At Sacramento, the re-

lationship is better defined.

Relationship of Specific Conductance to Dissolved Constituents

The veLLue of specific conductance observations lies in their

relationships to concentrations of various dissolved constituents . Where

essentially constant relationships are found, continuous conductivity

recorders provide the most complete information which is attainable on

levels of dissolved minereuLs in a stream.

Figures 12 and 13 show the relationships between specific con-

ductance and total dissolved solids by residue and by summation of major

ions, respectively. The difference between the two cannot be adequately
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accounted for with present knowledge. The figures indicate that the rela-

tionship is essentially constant from Bend to Sacramento.

Figures lU and 15 show the relatively high degree of correla-

tion between conductance and hardness and bicarbonate concentrations,

respectively. Figures l6 and 17, which relate conductance to sulfate

and chloride concentrations, respectively show that the relationships

vary markedly between different points on the river and at any one sta-

tion. Figures l8, 19, and 20 show the relationships between conductance

and ceilcium, magnesium, and sodium, respectively.

Although the degree of scatter shown on Figures Ik- through 20

can be reduced by making the comparisons on the basis of conductance versus

equivalent parts per million, the figures show that conductivity - con-

stituent comparisons are difficult to eveiluate. For example, the sodium

relationships for Knights Landing shown on Figure 20 strongly indicate

two distinct sources of water with different percent sodium values. This

can be explained on xhe basis of seasonal variations of soirrce waters

incomplete mixing of irrigation return flows. The Knights Landing sta-

tion has been moved upstream on the basis of these and similar observations.

Collection of additionsil samples at the river stations shown

in Figures U through 20 will result in more data of the sort which is

plotted therein, but will not provide any additional knowledge of the

factors affecting water quality in the Sacramento River.

It is possible to examine changes in water characteristics,

which are not of themselves related to concentrations, by the use of tri-

linear plots. A typical case is shown on Figure 21. By the addition

of points representing mineral characteristics of tributary flows, the

effects of these flows upon water quality in the river become apparent.

The river changes character in response to natural or man-made discharges
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and, on the trilinear plot, the point representing the river moves toward

a point representing a tributary. Figure 21 shows graphicsQJLy that the

river is the siom of its parts. This featiire is demonstrated aneLLytically

in Chapter VI in connection with a discussion of requirements for basic

data.

Hardness

Variations of total hardness in t'he Sacramento River during

1960-61 are shown on Figure 22. Water in the river is generally soft.

Noncarbonate hardness was consistently found only at Mayberry

Slough (mile il-.O) where values varied seasonally from less than 10 ppm

during most of the year to as much as 300 ppm between July and October.

From 1 to i+ ppm were found at Rio Vista or Clarksburg on three occasions.

Spring Creek generally contained about 60 ppm, Sacramento Slough showed

about 20 and 75 Ppm on two occasions and 1 or 2 ppm were generally reported

for the Feather and American Rivers. Accordingly, the term hardness in

the following paragraphs will refer only to carbonate hardness.

Figure 22 shows that hardness generally increases from kO -

50 ppm below Shasta to 50 - 60 ppm at Colusa. Below Coliisa, the seasonsil

effects of irrigation returns are apparent. Hardness was reduced by

American River and Feather River flows.

Table 17 summarizes observations made during the present

investigation:
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Table 1?

HAEDNESS IN SACRAMENTO RIVER AND TRIBUTARIES, I96O-6I

Station
Maximum : Minimum : Median
ppm : ppm : ppm

Sacramento River

Redding (297.7)
Hamilton City (199-6)
Snodgrass Slough (37-2)

Butte Slough
Colusa Basin Drain
Sacramento Slo\;gh

Feather River
American River
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high values at the lower end of the river are due to incursion of tidal

waters

.

Cation concentrations and percent sodium in river waters down

to Rio Vista were within various limiting criteria for beneficial use

discussed in Chapter III.

Table l8

MAJOR CATIONS IN SACRAMENTO RIVER AND TRIBUTARIES, I96O-61



Table l8

MAJOR CATIONS IN SACRAMENTO RIVER AND TRIBUTARIES, I96O-6I
(continued)



Table 19 . Figures 2k and 25 show variations in bicarbonate and chloride

concentrations, respectively, in the river during the same period.

The effects of natursQ. tributary streams, seasonal discharges

of irrigation return flows, and tidal waters upon the major anion concen-

trations are consistent with the effects upon the cations discussed above.

Similarly, anion concentrations of river waters meet the criteria for

various beneficial uses.

Table 19

MAJOR ANIONS IN SACRAME3frO KEVER AND TRIBITPARIES , I96O-6I



Table 19

MAJOR ANIONS IN SACRAMENTO RIVER AND TRIBUTARIES, I96O-6I
(continued)
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Silica

Median concentrations of silica in the river ranged from 24

ppm above Redding (mile 297-7) to 20 ppm at Snodgrass Sloijgh (mile 37-2)

during I96O-61. The decrease reflected the lower concentrations in irri-

gation returns and tributary flows, particularly the American River with

an average concentration, of about 10 ppm.

Boron

Boron concentrations throughout the river averaged 0.1 ppm during

I96I-62. Irrigation drainage showed somewhat higher content, especially

return waters from Reclamation Districts No. 70^ I08, and 787 with con-

centrations of a few tenths of a part per million where connate ground

water is considered the most likely source of the boron (see Part 3;

Appendix A) . Water in the Natomas East Main Drain, which receives irri-

gation, domestic, and industrial wastes, averaged 0.i^ ppm. All of the

river water and most of the irrigation return waters had boron concentra-

tions within the limits for Class 1 irrigation supply water.

Phosphate

Both orthophosphate and total phosphate concentrations were

determined and reported as P0i|. Total phosphate was generally 0.1 ppm

above Sacramento and from 0.2 to O.k ppm below Sacramento. Essentially

all of the phosphate was in the ortho form, although some polyphosphate

occurred below Sacramento.

Nitrogen

Concentrations of ammonium, nitrite, and nitrate ions and of

organic nitrogen were determined throxighout the river during the survey

period.
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Median veLLues of ammoniiam were 0.0 ppm above Sacramento, about

0.05 ppm from Sacramento to Walnut Grove, and 0.1 ppm from Walnut Grove

to Rio Vista. Maximum concentration of from O.3 to 0.8 ppm occurred in

the upper reach in October I96O. Below Butte City, maxima of 0.2 or O.3

ppm were found at various times of the year. Concentrations in irriga-

tion drainage from Butte Slough, Colusa Basin Drain, and Sacramento Slough

averaged about 0.1 ppm. Ammonium was almost always absent in Feather

and American River waters

.

Nitrite was found rarely, and then in concentrations of 0.01

or 0.02 ppm.

Nitrate concentrations were generally between O.5 and 1.0 ppm

with a tendency for the higher vEilues in the river below Sacramento and

in irrigation drainage. The lowest concentrations, which averaged 0.2

and 0.3 ppm, were found in the Feather and Americsm Rivers, respectively.

Organic nitrogen in the river averaged about 0.1 ppm above

Sacramento and between 0.1 and 0.2 below Sacramento. Irrigation drain-

age typically contained 0.2 and O.5 Ppm organic nitrogen. About 0.1 ppm

was found in the Feather and American Rivers.

The months of J\me, August, and September i960 and January and

February I96I, were arbitrarily selected to compare summer and winter

nitrogen relationships . Total nitrogen in the river during both seasons

generally varied from 0.1 to 0.14- ppm above Sacramento and from 0.35 to

0*55 ppm below Sacramento. Inorganic nitrogen was relatively constant

while organic nitrogen concentrations approximately followed the plankton

populations. Inorganic nitrogen to phosphorus ratios showed a wide varia-

tion with typical summer values of 6:1 and 2:1 above and below Sacramento,

respectively. Comparable winter figures are 14- :1 and 3:1'
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Heavy Metals

Concentrations of heavy metals in the Sacramento River found

since 1952 in the department's surface water quality monitoring program

have varied rather markedly but within the limiting U. S. Public Health

Service standards for drinking water (see Chapter III).

However, toxic metals in acid mine wastes from Spring Creek

(mile 302. 3R) have long been suspected of contributing to fish mortality

in the river during the winter when high flows occur in the creek and

minimum flows are being released from Shasta Dam (l) . In order that this

threat be removed from the river, a dam has been constructed by the Bureau

of Reclamation about one-half mile from the mouth of the creek. When

filled, in I962-63, Spring Creek Reservoir will hold 6,500 acre-feet of

water which can be released at rates which will provide for adequate dilu-

tion by flows in the Sacramento River.

During the present investigation, concentrations of heavy metals

were determined monthly on Spring Creek and on the upper reach of the

river. The results of the determinations are compared with historiceil

data in Table 20.
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Table 20

HEAVY METALS IN THE UPPER SACRAMENTO RIVER AND IN SPRING CREEK



Detergents

Analyses for gdJiylbenzenes\J.fonate (ABS) detergents in waste

discharges to the Sacramento River are summarized in Table 21.

Table 21

CONCENTRATIONS OF ABS IN WASTE DISCHARGES TO SACRAMENTO RIVER, I96O-6I

"" '

: No. of : Median : Range
Waste Discharge

:Analyses; (ppm) ; (ppm)

Redding Sewage Treatment Plant

Red Bliiff Sewage Treatment Plant

West Sacramento Sewage Treatment Plant

Sacramento Sewage Treatment Plant

Meadowview Sewage Treatment Plant

Isleton Sewage Treatment Plant

Rio Vista Sewage Treatment Plant

Americam Crystal SiJgar Company

ABS concentrations in the river were determined throijghout the year on

the monthly program and during the first upper reach and first and second

lower reach intensive sampling program.

One-tenth ppm ABS was fo\xnd in the river downstream from the

Redding Sewage Treatment Plant discharge about six percent of the time.

Downstream from the Sacramento Sewage Treatment Plant (mile ^k.lL), 0.1

ppm occurred about half the time at Freeport (mile k6.k) and about one

fifth the time at Rio Vista (mile 12.5). Detergent was reported about

65 percent of the time at Mayberry Slough (mile k.O) where concentrations

of 0.3 ppm were reported on five occasions, but the lack of significant

sources in this area suggest that there was some interference with the

test.
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Miscellaneous Organic Materials

The occurrence of organic material collected by the carbon

adsorption method is discussed in Chapter VIII, Appendix C.

Ether solubles generally ranged from zero to five ppm through-

out the river with no marked seasonal or geographic trends. The consistently

high values found in June i960 throughout the river and in the discharges

are anomalous and may be due to contamination of the sampling equipment

or to analytical error.

Of 292 monthly determinations of phenols in the river, 256 were

reported as zero parts per billion (ppb) and 20 were reported as 1 ppb.

From 2 to ^ ppb were found in 13 samples with no apparent seasonal or

geographical trends . Ten ppb were reported for April I96O at Clarksburg

(mile h3.k) and Walnut Grove (mile 27. U) and for May I960 at Snodgrass

Slough (mile 37-2).

Three samples were analyzed for hydroxylated aromatic compounds

by the tannin and lignin method. At Redding (mile 297.7), 0.0 and 0.1

ppm were reported for December 7 and 13, I96O, respectively. Below Red

Shift (mile 2i(-1.0), 0.1 ppm was found in December 8, I96O.
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CHAPTER V. OXYGEN RELATIONSHIPS

The level of the dissolved oxygen concentration in a stream

is one of the indications of its suitability for use. Dissolved oxygen

contributes to the potability of a domestic supply and it assists in

stabilization of organic material with the result that the water is pleas-

ing to look at, sustains desirable fish and aquatic life, and promotes

recreational activities. Discharges of organic wastes and certain chemi-

cal pollutants lower the dissolved oxygen levels in streams. The Sacramento

River provides for multiple uses and maintenance of adequate concentra-

tions of dissolved oxygen is according essential.

Sources of Pollution

The locations of waste discharges are shown on Plate 1. Part 3,

Appendix A contains a discussion of municipal, industrial, and agriciil-

tural discharges and presents, for each discharge, the types of waste

received, type and size of facility, quantity sind quality of discharge,

and, where applicable, population and area served.

The following paragraphs deal with the flows and organic loeid-

ings discharged by the various facilities to the Sacramento River.

Municipal Wastes

Table 22 summarizes the flows and 5-day biochemical oxygen de-

maxid (bod) loadings from the eight sewage treatment plants that discharged

directly into the Sacramento River. The 1-day figures were obtained during

the monthly sampling program and ^-day averages are for the periods of

the intensive sampling surveys.
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In genereil, the daily discharges of BOD from each plant varied

from 50 to 150 percent of the overal 1 average and the total highest load-

ing on the river occurred during the late summer and early fall.

Figure 26 presents diurnal variations in hourly BOD loadings

from the four largest sewage plants. The ratios of maximum and minimum

hourly loadings varied from about 12:1 at Red Bluff to 1.5:1 at Sacramento,

indicating the inverse relationship of the variations to the size of the

plant.

Industrial Wastes

Most of the industrial wastes produced along the Sacramento

River are discharged to community sewerage systems and cause the large

seasonal loadings to the river. There are only two significant industries

which discharge directly to the river.

The Diamond National Corporation, producer of molded paper pro-

ducts, is located two miles south of the City of Red Bluff. Waste water

discharged from the plant comes from a 26-acre log pond and a double baf-

fled three-chamber settling pond. All of the wastes eventually reach

Red Bank Creek which enters the river at mile 2i|1.9R. The monthly sampl-

ing of Red Bank Creek showed variations in BOD of from k to 107 ppm and

in flow of from 0.6 to 12 M}D. The average organic loading was 925 pounds

per day and the maximum was 2,200 povinds per day in April i960.

The American Crystal Sugar Company beet sugar processing plant

discheurges wastes from a 5-acre pond into the river at mile '4-3'3R' Monthly

sampling indicated an average flow of 3.27 MOD, an average BOD of ^38 ppm,

and an average of 11,960 pounds per day of BOD discharged into the river

during the period of operation from Aiogust 9 to December 1, i960.
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Data were collected from American Crystal Sxigar Company on two

intensive siirveys. During the period Avigust 29 - September 2, I960, the

average flow was 3*39 MGD, the maximiom BOD was 555 ppm, and the maximum

BOD loading was 1^^,832 poxmds per day. During October 2l+ - 28, I96O,

average flow was 3*80 MaD, maximum BOD was 532 ppm, and the maximum load-

ing was 13>^^ pounds BOD per day.

Irrigation Drainage

Irrigated agriculture presently comprises the greatest demand

upon the total water supply in the Sacramento Valley. Irrigation return

flows characteristically have lower dissolved oxygen aiid higher BOD con-

centrations than waters in the Sacramento River. This means that, althoiogh

there is edways a surplus of oxygen over BOD in the drainage waters, the

net effect is to reduce oxygen levels in the river.

During the process of irrigating farm lands, a number of factors

chemge the oxygen relationships that originally existed in the diverted

river water. The important factors are increases in water temperature,

increases in suspended and dissolved material, increases in the number

of aquatic plants, and changes in the plant metabolic activities. It

will be shown later in this chapter that these cheinges in plant metabolism

can be quantitatively related to the changes in oxygen levels in the drain-

age water and qualitatively related to the effects of drainage waters in

the river.

The drains that discharge agricultural return water into the

Sacramento River are shown in the following tabulation.
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Table 23

BOD IN IRRIGATION RETURNS TO SACRAMENTO RIVER,
1960-61

Discharge



The Feather and American Rivers are the major tributaries and both at

times have flows in excess of those in the Sacramento.

Table 2U

DISSOLVED OXYGEN, BOD, AND TEMPERATURE
IN -FEATHER AND AMERICAN RIVERS, I96O-6I

; Feather River ( 79.9L/O. 7) ;American River (60.4L/0.2 )

; Maximum rMinimumtAverage ;Maximum :Minimum:Average

Flow, cfs 20,900 U95 1+,110 U,560 510 1,831

Dissolved Oxygen, ppm 12.6 7-7 9.I 13.5 8.U 9.9

^ Saturation 110 9I 98 132 86 102

BOD, ppm 2.09 0.35 1.13 6.70 O.kk 2.1+6

Temperature, "F 88 U6 68 72 1+8 62

Dissolved Oxygen

Concentrations of dissolved oxygen were determined by the pro-

cedures described in Chapter II of this appendix. Percent saturation

veilues were computed from oxygen solubility tables in the eleventh edi-

tion of Standard Methods for the Examination of Water and Wastewater .

Longitudinal Variations

Dissolved oxygen concentrations were determined monthly at each

of the 22 river stations from April I960 to June I96I. Throughout the

period, oxygen concentrations typically increased by one or two ppm be-

tween Keswick Reservoir (mile 300. 9) and mile 285-9, corresponding to

increases from 80 or 90 percent saturation to about 100 percent satura-

tion. From mile 285-9 to mile k.O oxygen levels decreased; however,

differences in the time of day samples were taken made the monthly data

of limited values for detailed analysis.
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The best data on longitiidinal variations were obtained diiring

the intensive surveys. Figiore 27 shows the average temperature and dis-

solved oxygen in the Sacramento River observed on the seven intensive

surveys. These surveys covered the period May thro\agh October and gross

seasonal differences are apparent on the figure. The data are neverthe-

less consistent and clearly show the overall pattern of oxygen levels in

the river.

Temperatures rose at a decreasing rate from about 55° at Redding

(mile 297«7) to some 60° or 70* at Sacramento (mile 62.6), depending on

the season. After being cooled by Americein River inflows at mile 6o.i»-,

temperatures remained essentially constant for 20 or 30 miles, and then

increased loceilly during the summer months in the area of maximvan ciirrent

reversals due to tides.

Dissolved oxygen concentrations were between 10 and 11 ppm near

Redding and decreased more or less uniformly throughout the river. The

sag below Sacramento is apparent, with averages between 7 and 8 ppm and

minima (which are not shown) between 5-2 and 6.5 ppm. The minimum of

5.2 ppm is close to the 5 PPm stated in Chapter III as limiting for fish

migration. The recovery below the sag was generally to a level less than

the initial concentration.

Figure 27 shows that oxygen saturation values started out at

98 or 99 percent, rose somewhat while the effects of heating were domi-

nant, and then began a steady decline to the mouth. Again, the sag below

Sacramento is apparent. In genersil, the river losses oxygen from Redding

to mile k at the confluence with the San Joaqiiin River.

Below Sacramento, the oxygen relationships are complicated by

tidal action which results in flow retardation throughout the reach and
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flow reversals throughout the lower M+ ± 3 miles. The maximxm extent

of flow reversal occiors at about Isleton (Part 1, Appendix A)

.

The oxygen sag below Sacramento is shown in more detail on

Figure 28 which presents slack-water profiles of dissolved oxygen concen-

trations at high high water (HHW) and low low water (LLW) for each of

the three intensive surveys. The times of slack water were determined

from times of HHW aoid LIW listed in Table 25. The tabulated values were

smoothed graphically, and corrected for the 30 minutes by which slack

water follows the tidal stages (8) . Dissolved oxygen concentrations which

occurred within 30 or ^4-5 minutes of slack water are plotted on Figure 28.

The figure shows how the sag is shortened during HHW slack and lengthened

at LIAf slack, and that lower concentrations are associated with the HHW

slack. The scatter of points tends to be greatest just upstream from

the sag point.

Diurnal Variations

Figure 29 shows saturations of dissolved oxygen throughout the

river observed on the seven intensive surveys. Data from four days eire

combined into a single 2^4—hour period. Field crews were changed at about

noon and midnight and some of the data from these 12-hour shifts was re-

jected as shown on the figure. On some occasions, the values obtained

were considered adeq.uate for purposes of averaging but were \mcertain

on an individual basis and are so indicated on the figure.

The classical pattern of dissolved oxygen variations in natural

waters shows a minimum just before dawn and a maximum in mid-afternoon.

Figure 29 shows that freq.uent departures from this pattern occur in the

river ajid that these departures axe associated with particular groups

of stations during individual intensive survey periods. The usable diumsQ.
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Table 25

0B3EHVKD TIDEB IN aACBAfffiNTO KEVER
DURINO DITENSIVE SURVEYS, I96O
(Elevations Based on U30S Datum)

Date 1
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curves showing percent saturation, which comprised 62U cases out of the

total number of 785 station-days, were classified into seven types. Data

from all intensive surveys in a particular reach were combined, euad the

results are svimmarized in Table 26.

Table 26

CHARACTERIZATION OF SHAPES OF DIURNAL 05CYGEN CURVES



Nighttime Increases . Absolute concentration and saturation

values frequently increased during the night. Such increases are implicit

in the definitions of Types II, V, and VI, and frequently were found with

Type VII. However, nighttime increases were occasionally superimposed

upon the classical pattern (Type l) and upon Types III and IV in a manner

which could not be correlated with partic\ilar slugs of water and which

were not consistent for any station.

Since the intensive surveys were deliberately schediiled to take

advantage of moonlit nights, the possibility of moonlight photosynthesis

which was suggested by Kofoid (31) was investigated. No correlation of

nighttime increases and variations in moonlight was found.

In addition to affecting the solubility of oxygen, temperature

changes eilso alter the rates of biochemical reactions and accordingly

metabolic activity. This relationship is usually referred to as the Q-j_q

value or the ratio of the reaction rate at a given temperature to the

reaction rate of 10 °C lower {kO) . Q2.0 typically varies between 1 emd 3

for most biochemical processes, and unreauListically greater values in

the river wo\ild be necessary to account for the nighttime increases in

dissolved oxygen where they were associated with temperature changes.

Significance of Random Diurnal Veiriations . The observations

of frequent departures from the classical diurnal pattern of oxygen levels

and of nighttime increases in oxygen csui best be explained on the basis

of changes in respiration. Oxygen is consumed by respiration of all life

in a stream, including the native plankton, fish, and benthic popiilations.

Bacteria ajid other microorganisms which feed on the natural organic detritus

as well as any additional organic loading from municipsil, industrial.
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or a€ricult\ireLl waste waters also respire at a rate which is usually

measured as BOD.

In general, the oxygen concentrations at night in the Sacramento

River are below saturation so that there is a constant movement of atmos-

pheric oxygen into the water. The rate of this movement determined by

the level of saturation at a given location on the stream. It follows

that if the respiration rate of life in the stream decreases, there will

be an increase of oxygen in the water. Accordingly, the rates of night-

time increases in dissolved oxygen provide an indirect measure of the

changes in respiration rates in the stream. Direct measurements of day-

time respiration rates by light and dark bottle techniques which have

been made in many areas and reported in the literature show comparable

variations

.

Variations in respiration can also account for the frequent

departures from the classicsil curve of dissolved oxygen variations in

nat\iral waters. It is not possible, with present knowledge, to predict

respiration changes, and they are reflected as random variations. The

full significance of these random variations will be presented in a sub-

sequent discussion of waste assimilative capacity.

Biochemicsil Oxygen Demand

Figure 30 shows concentrations of 5-<iay BOD observed monthly

at 22 river stations . Except for a consistent rise just below Sacramento,

there is no particvilar seasonal or geographic pattern. Much of the varia-

tion is probably due to the inherent limitations of the analytical procediires

in waters with low BOD. Figure 31 shows average BOD concentrations obtained

during the intensive surveys. The only consistent relationship with the

dissolved oxygen levels shown on Figure 27 is found below Sacramento.
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The highest BOD's occur at the beginning of the oxygen sag and decrease

to a minimum at the beginning of the recovery portion of the sag curve.

Table 27 summarizes the 5-day BOD in the river and waste dis-

cheurges below Sacramento. The table indicates that the organic loading

discharged by the Sacramento Sewage Treatment Plant equaled the natural

BOD in the river in June and reached a maximum of about twice the natural

BOD in late summer. The loading from the American Crystal Sugar Company

plant at Clarksburg was about 13 percent of the BOD already present in

the stream. The June and August data showed that, after mixing, the total

BOD in the river below the waste discharges was about equal to the initial

BOD plus the waste BOD. In October, the increases in river BOD due to

waste discharges were less pronounced.

It was previously shown (Figure 26) that the BOD loading from

the Sacramento Sewage Treatment Plant is lowest in the late forenoon aiid

highest at about midnight. This variation is in part reflected in the

river 3' 5 miles or 3-^ hours downstream but more detailed work is needed

to confirm this observation.

Rate of BOD Exertion

Table 28 lists the results of long-term BOD ansLlyses made on

29 river samples and four waste discharge samples. From these data, the

ultimate first-stage or carbonaceous demand at 25 "C (La) was determined

graphically and the ratio of La to the 5-day BOD computed; these derived

figures are shown on Table 29.

Temperature corrections were made according to Theriaxilt (U6)

where Lj = La (0.02T - O.60) and T = observed river temperature. The

rate of BOD exertion at river temperatures were then computed by means

of the daily difference method (W), rapid-ratio method (^1), moments
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Table 29

RATIOS OF UI/riMATE CARBONACEOUS DEMAND
TO 5-DAy BOD AT 20 "C



method (33); and slope method (^7) • The results of these computations

axe in the depajrtment 's files. Subsequent attempts to use them in the

Streeter-Phelps fonnulation of the oxygen-sag curve discussed in a later

portion of this chapter were unsuccessful. Somewhat more consistent re-

sults were obtained by using Streeter's (U3) formulation;

Ki = i (log L^i/La) where Kj^ is the rate of deoxygenation in the river.

La and L^, are the ultimate carbonaceous demands at upstream and downstream

stations, respectively, at river temperatures, and t is the time in days.

The results of these calculations for the river below Sacramento axe listed

in Table 30* It will be noted that the highest values for Ki were obtained

for the August 29 - September 2, i960 data when the greatest loading was

being discharged by the plant. The slack water BOD profiles were deter-

mined in the manner described for the oxygen profiles (Figxire 28) , and

the slugs leaving the sewage treatment plant were chosen to represent

the diurnal variation in BOD (Figiire 26) . The application of these data

is discussed later in this chapter.

The rates of BOD exertion for the three major discharges in

the lower reach were determined by the four methods listed above with

consistent resvilts. The best VEilues for the rate (k2_) for the West

Sacramento Sewage Treatment Plant dischetrge varied from about O.U to

0.15 J ki for the Sacramento Sewage Treatment Plant discharge wa^s about

0.22; and k^ for the American Crystal Sugar Company discharge was about

0.34. Although the amount of basic data is limited so that the derived

values of k^ are only first approximations, the relative values of BOD

exertion for the three wastes axe considered reasonable.
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Table 30

RATES OF BOD EXERTION IN SACRAMENTO RIVER BELOW SACRAMENTO



Chemical Oxygen Demand

Chemical oxygen demand (COD) was determined monthly from April

i960 to March I96I at 22 river sampling stations. Median concentrations

of COD increased from about 3 PPm in the upper reach to about 8 ppm in

the lower reach. COD's at Mayberry Sloiigh (mile k.O) were typically about

17 ppm. The COD:BOD ratios generally varied between k and 5 in the upper

reach, increased uniformly between Butte Slough and Sacramento to about

8, dropped to k below Sacrsunento, increased to seven at Rio Vista, and

rose sharply to about 15 at Mayberry Slough.

Characterization of Oxygen Relationships

The major effort toward evaluating the observed oxygen concen-

trations in the Sacramento River was restricted to the area below Sacramento

since it was only in the lower reach that a significant oxygen deficit

occurred.

Profiles of oxygen concentrations during the four-day intensive

surveys have been previously presented (Figures 27 euid 28) . Other pro-

files were prepared which followed given slugs of water which contained

sewage treatment plant effluent discharged at 6 a.m., noon, 6 p.m., and

midnight. For an profiles, the time of travel was estimated from the

data presented in Part 1, Appendix A.

Streeter-Phelps Method

The classical method of characterizing oxygen relationships

in streams was developed from studies conducted in 191^-15 on the Ohio

River and published in I925 by Streeter and Phelps (42) . The method de-

scribes the oxygen sag curve as a function of BOD, oxygen saturation,

rates of deoxygenation and reaeration, and time according to the equation:
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ki La

where

:

Dl^; = dissolved oxygen saturation deficit in ppm, after time (t)

Da, = upstream dissolved oxygen saturation deficit in ppm

La = upstream ultimate first-stage oxygen demand of the organic

matter of the water in ppm

k2_ = coefficient defining rate of deoxygenation

kg = coefficient defining rate of reaeration

t = elapsed time from initieuL point, in days

In computing coefficients of reaeration, kg, the oxygen profiles

previously discussed were utilized. Development of each oxygen seig con-

sisted of designating an upper station (a), a lower station (b) and deter-

mining the travel time between each station.

The upper station, mile 50.8 in all cases, was chosen as repre-

senting typical initial conditions since it is below the major outfall,

above tidal influence, completely mixed, and has a DO high enoijgh so that

any deoxygenation coiild be measured.

The station location of the lower station b, was determined

by the location of the critical point on each oxygen curve.

The results of computations of stream reaeration coefficients

are listed on Table 31 in which it is seen that kg values were character-

istically negative for the Jime 20 - 2k, i960 and October 2k - 28, i960

period. Similar computations for the river below Redding also resxilted

in freq.uent negative values. A negative kg value has no resil physical

meaning, and accordingly the Streeter-Phelps formication is not generally

applicable to the Sacramento River. Intuitively, negative kg values

-122-



Table 31

SUMMARY OF COMPUTATIONS BY STREETER-PHELPS METHOD



might be expected in the Sacramento River because of the consistent and

relatively xmiform loss of dissolved oxygen from the water shown in

Figure 27.

Negative k2 vaJLues have been reported for other streams {kS)

.

In this connection, the sensitivity of the laboratory test for BOD's in

low concentrations has been seriously questioned and it follows that the

derived values for k^ are subject to the same errors. Regardless of the

sensitivity of the laboratory method, the previously stated conclusion

from field observations of dissolved oxygen that respiration varies indi-

cates that the rate of BOD satisfaction, ki, is not a first-order reaction

in the river. It follows that, in these circxamstaiices, the Streeter-

Phelps method csm never describe the oxygen relationships in the stream.

It is not surprising, then, that attempts to apply various modi-

fications to or refinements of the basic oxygen sag equation, including

those of Streeter (U3), O'Connor and Dobbins (38), and Churchill (27),

to the Sacramento River were similarly unsuccessful.

The k2 values obtained for the slack-water profiles (Figure 28)

the A\]gust 29 - September 2, I96O period were substituted into the basic

formulation after correcting for river temperatures according to Elmore

and ¥est (28) where k2(T) = ^2(20°) x 1.02ii-l(T-20) .
qij^g computed 5-day

BOD loading was 113,600 pounds per day which is in excellent agreement

with the measured quantity of 11^,500 pounds per day. On occasion, then,

the Streeter-Phelps method can be marie to work, but other than the empiri-

cal observation that these apparently valid figures for k2 were obtained

for the period of the greatest waste loading on the river, the reasons

for the method's success or failures are imperfectly known.
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Multiple Lineeir Correlation Method

In another attempt undertaken to produce a waste assimilative

capacity for the Sacramento River a "Standard Method for Analysis of Stream

Purification Capacity" was used. This method was developed by Churchill

and Buckingham (26) and is concerned principally with a stream that is

polluted from a single source.

The basic theory presented in the paper states that

"A nvunber of factors operate concurrently to produce a DO defi-
ciency in a stream below a source of pollution. The basic
procedure discussed here correlates these factors statistically,
»n at the same time, with the measured decrease, or drop, in
DO concentration from above the point of pollution to the low
point of the DO sag. The factors used must be readily measur-
able in quantitative units.

'Vhen pollution is discharged into a stream such as this
the factors subject to direct quantitative observation which
affect the extent of the DO sag are the BOD, stream tempera-
ture, emd stream discharge. ActiiaJly, water travel effects
are indirectly included, because discharge is included in the
correlation, ajid time of travel is obviously correlated with
discharge.

"

Quantitative observations of the independent variables, BOD,

discharge, and stresun temperature can be statisticeuLly correlated with

the dependent variable, DO" drop, by using the following multiple correla-

tion relationship:

Y = a + b^Xi + b2X2 + b3X3 (l)

where Y = dependent variable, DO drop, ppm

X]_ = 5-day BOD, ppm

X2 = water temperature, *^

Xo = stream discharge factor, 100^000
^ Flow (cfs)

a, bi, b2, bo = constants derived from actual data used.

Reducing the above equation to simple terms:

DO drop = a + bi (BOD) + b2 (temp.) + b3 (100. OOP)

The constajits bib2, and b3 are obtained from the three "normal" equations:
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bi SXi^ + bgZXiXs + b3 Z X1X3 =ZXiY (ill)

bi ZX1X2 + b2 ZX2^ + b3 ZX2X3 = ZX2Y (IV)

bi Z X1X3 + b2 Z X2X3 + b3 Z X3^ = Z X3Y (V)

In order to include a wide range of dissolved oxygen and biochemical oxygen

demand concentrations, temperattores, and flows, monthly data throughout

the year for stations 62.6 and 27.5 were evaluated. Substituting values

from Table 32 into eqtiations (ill) , (IV) , and (v) :

bi = +0.Uifl7

b2 = -0.0285

b3 = +0.1055

Solving for "a":

a = My - biMi - b2M2 - t'3M3 (Vl)

= - 2.1333

By substituting the constants and independent variables in equa-

tion (l) it is now possible to solve for the DO drop in ppm. The results

of these computations are shown in Table 33- Following Churchill, the

coefficient of multiple correlation was calculated from the equation:

„ t>i (Zyxi) + b2 (Zyx2) + b3 (Zyx3)
^

=
zIF)

The high degree of correlation between calculated and observed DO drops

is indicated by the coefficient (r) of O.985.
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Table 33

COMPARISON OF COMPUTED AND OBSERVED DISSOLVED OXYGEN DROP

: Observed:



This equation, along with the DO drop eqioation (l), can now be used to

estimate conditions that would cause the oxygen deficiency in the river

to fall below minimum requirements.

For example, the BOD at the low point on the oxygen sag can

be ceilculated by assuming a specific river temperature and flow ajid caus-

ing the waste load to vary. This BOD euLong with the temperature and flow

conditions caji then be substituted into the DO drop equation to estimate

the waste loading that would ca\ise a specific river water DO reduction

at a given river temperature emd river discharge condition.

Table 3^ shows how observed values of organic loadings conrpared

to results obtained by m\iltiple correlation calculations.

Table 3^

COMPARISON OF COMPUTED AND OBSERVED BOD LOADING



lower station and BOD discharged is the total organic load received by

the river between Sacramento and Delta Cross Channel.

Figxire 32 should be used only as a first approximation. Although

the plotted and the observed values for BOD loading during the conditions

of the August 29 - September 2, i960 period are 115,000 and lll4-,500 pound

per day, respectively, corresponding figures for the June 20 - 2U, i960

period was <10,000 and U4,200 and for the October 2l| - 28, I960 period

were 32,000 and 78,300- It follows that, in order to make this method

generally applicable, the correlations must be expanded to incl\ide varia-

tions of algae populations, relative amoxmts of wastes discharged from

individual sources, and other factors. In addition, the linearity of

the interrelationships sho\ild be confirmed.

Photosynthesis-Respiration Relationships

The methods of characterizing oxygen relationships outlined

above have involved both laboratory and field determinations, and the

limitations of these methods have been discussed. Some of these limita-

tions may be avoided by using only field observations.

One approach to the problem of determining waste assimilative

capacities in streams is the light and daxk bottle method of determining

photosynthesis and respiration in a stream. Where independent measure-

ments of the rate of diffusion of atmospheric oxygen are available and

where it can be assumed that metabolic activity in a bottle adequately

represents the activity in a stream, the method is highly useful. It

was, however, not possible to provide for light aind djaxk bottle studies

during the present investigation.

In 1956, Odum (3^+) published a new method for determining the

amount of oxygen supplied by or lost to the atmosphere, added by
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photosynthesis, and utilized by respiration. Values for these factors

are derived graphically from observed diurnal changes in dissolved oxygen

levels in the stream. The basis of the method is presented in detail

in Odum's publications euad has been applied to a wide variety of conditions

(29, 3h, 35, 36).

Figure 33 shows an example from the upper reach where the four-

day averages were determined. The values are reported as grams per cubic

meter per day which are eq.uivaJ.ent to milligrams per liter per day or

parts per million per day. This example was deliberately selected to show

the method in an area where there are no significant discharge and where

oxygen levels follow the classical pattern. In many of the cases shown

on Figure 29 and si:miiiiarized on Table 26, Odum's diurnal curve aneuLysis

is not applicable. It is impossible, for exaarple, to use the method where

maximvmi oxygen concentrations are foxind at night and minimum concentra-

tions occur diiring the day (Type V in Table 26) . Minor depart\xres from

the classical c\irve can, however, be accomodated. Nighttime increases

in dissolved oxygen are reflected in reduced rates of respiration.

Odum's method has certain implicit advantages. The coefficient

of atmospheric diffusion is determined for the hydrographic and meteor-

ological conditions that existed at the time of observation. The effects

of both floating and bottom organisms are inherently combined in the deter-

mination of community photosynthesis ajid respiration. However, there

are several possible sovirces of error. Inspection of Figure 33 shows

that the entire analysis derives from the determination of the atmospheric

reaeration coefficient (k) which in turn depends upon the selection of

representative pre-dawn and post-sunset values for the saturation deficit

(S) and for the time rate of change (Q) . Errors in k are only slightly

reflected in qualitative evaluation of the effects of waste discharges
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and of the relative importance of photosynthesis and diffusion as sovirces

of oxygen.

An even greater error may be introduced by the assiinrption that

the aversige daytime respiration equals the average nighttime respiration.

It has been previously shown that respiration does vary over wide ranges.

An indication of the extent of these variations due to floating orgeinisms

could be obtained from short-term light and dark bottle observations made

concurrently with determinations of diurnal oxygen changes and it is recom-

mended that future studies include both methods.

Odum's method can be applied to a single station or to upstream

and downstream stations where travel times are known. The single-station

approach depends upon the assumption that each particle of water passing

the station has essentially the same history as the preceding and succeed-

ing particles. This assuraption is not strictly fulfilled in the Sacramento

River because of intermittent discharges of irrigation return flows and

because of diurnal variations in BOD loadings from sewage treatment plants.

Nevertheless, use of the single-station analysis provided more consistent

results thaji did the upstream-downstream method, and the latter was accord-

ingly abandoned.

An interesting feature of Odum's method is that photosynthesis,

respiration, and diffusion can be determined for a group of stations with

similar, though not identical, diurnal oxygen variations. AlthoTjgh the

resulting relationships will be internally consistent, they will probably

not be the average of the same relationships deterniined for the individual

stations within the group. This means that the method inherently includes

a self-regulating or feedback mechanism which ultimately derives from the

cyclic characteristic of individual or averaged basic diumBil curves.
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Rates . Table 35 summarizes the determinations of atmospheric

diffusion coefficients and of rates of diffusion photosynthesis, and

respiration at J2 stations on the Sacramento River. It was possible to

determine these factors for as many as four intensive sampling periods

at some of the stations. Data from the remaining stations and periods

were not amenable to analysis by Odum's method because of the significant

observed departures from the classiceQ. diurnal oxygen variations (Figure 29)

Rates of photosynthesis and respiration in grams/square meter/day were

obtained by multiplying the volumetric rates shown in the examples on

Figvire 33 hy the depth in meters.

Figure 3^+ shows the longitudinal variations of dissolved oxygen

emd of photosynthesis and respiration rates in the river above Sacramento.

Rates of photosynthesis and respiration are high at Redding (mile 293 •?)

and decrease downstream towards Red Bluff (mile 21+4.1). In this reach,

the river is relatively shallow and passes through a nxanber of riffle

and rapids areas. Between Red Blviff and Sacramento, photosynthesis and

respiration generally rise. Respiration rates typically increases below

discharges from sewage treatment plants and irrigation drains. Photosyn-

thesis generally increases below treatment plants and drains except in

the reach just below R. D. 787« The reason for the decrease in photosyn-

thesis below R. D. 787 is not known.

The changes in oxygen relationships caused by irrigation of

a rice field discussed in Chapter IV, Part 3) Appendix A, are summarized

in Table 36.

-135-



iae

4**

S'SSU*



JUNE 6-10. I960

V'-
/

DISSOLVED OXYGEN

'y^
SEPTEMBER 12-16,1960



Table 36

EFFECTS OF RICE IRRIGATION UPON OXYGEN REIATIONSHIPS
August 11-12, i960

. Supply . Drain

Average Dissolved Oxygen - mg/l
- $ saturation

Ranges of Dissolved Oxygen - mg/l
- 'jo satiaration

Average Biochemical Oxygen Demand - mg/l

Range of Biochemical Oxygen Demand - mg/l O.'jk - 3.11

Temperatvire "F

Coefficient of Atmospheric Diffusion (k)

Diffusion (d) , g/m^/d IN-
OUT-
NET-

Photosynthesis (P), g/m3/d

Respiration (r), g/m^/d

P/R ratio

7.9
93



observations are consistent with the classical picture of higher produc-

tivity in riffles and lower productivity in deeper pool areas (6U, 66)

.

Figure 35 shows rates of photosynthesis, respiration and net

inward diffusion of atmospheric oxygen between Sacramento (mile 62.6)

and Mayberry Slough (mile k.O). In addition to local variations due to

individual waste discharges, photosynthesis and respiration rates increased

throughout the degradation portion of the oxygen sag curve, decrease in

the sag portion, and increase in the recovery portion of the curve. The

figiire shows that in the degradation phase, respiration is greater than

the sum of diffusion plus photosynthesis, K> (P + D) , and oxygen levels

in the stream decrease. Where respiration approximately equals diffusion

plus photosynthesis, as in the sag portion, oxygen levels are essentially

constant and where R < (P + D), oxygen levels in the stream recover and

approach initial concentrations.

The general levels of photosynthesis ajid respiration in the river

also reflect the algal populations which increase with distance from Shasta

(chapter VII, Appendix C). This is pajrbicularly noticeable in the reach

below Walnut Grove where concentrations of algae increase sharply and

suggest eutrophication due to nutrients and. growth factors, such as

vitamin B-)p, in upstream waste discharges.

Different portions of the river can be characterized as contain-

ing autotrophic or heterotrophic communities in which the metabolism is

predominantly plant type or animal type, respectively. In areas of auto-

trophic metabolism, photosynthesis is greater than respiration while hetero-

trophic communities show an excess of respiration over photosynthesis.

These are indicated by the p/r ratios in Table 35 and may be determined

by inspection of Figures 3*+ and 35* In general, the river is heterotrophic
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with +he lowest p/r ratios showiiig the effects of waste and irrigation

discharges.

Photosynthesis in the upper reach rose sharply to a peak between

noon euid 1 p.m. and decreased rapidly thereafter, indicating that the

floating and attached plants in this clear, shallow water were q.uickly

saturated with siinlight. In the deeper, turbid waters of the lower reach

photosynthetic rates increased less rapidly to a plateau from about noon

to k p.m. and then decreased slowly. In the middle reach, the pattern

of photosynthesis was mixed.

Diffusion of oxygen to the atmosphere during periods of super-

sation in the river occurred at about 90 percent of the stations in the

upper reach, ^tO percent in the middle reach, and 2 percent in the lower

reach.

Table 37 lists the total queuitities of oxygen in the river and

oxygen added or subtracted by atmospheric diffusion, photosynthesis, and

respiration. The relative importance of the atmosphere and photosynthesis

as soxorces of oxygen at various points in the river is shown. The net

oxygen is obtained by sxommation of the various sources and losses of oxy-

gen at each station. The close agreement between net oxygen and river

oxygen is an indication of the completeness of accounting for the several

sources and losses.

The concentrations of oxygen in the river reflect various waste

discharges eind tributary flows. The totad. pounds per day of oxygen re-

flects both oxygen level and. flows so that, in the lower reach, the largest

reductions in pounds per day between stations are due to diversions.

The numericeil values of diffusion, photosynthesis, and respira-

tion show a high degree of correlation with physical and biological con-

ditions in the river and qualitatively demonstrate the response of the
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stream to waste discharges. It has not been possible to compute satis-

factory oxygen balances for the river below Sacramento and the figiires

must therefore be considered as only semiquantitative. As with the other

methods of characterizing oxygen relationships discussed previously, the

greatest uncertainty lies in the evaluation of rates of respiration or

BOD satisfaction (kj_)

.

Future Work . The diurnal curve analysis method has the great-

est potential for determining true oxygen balances and, ultimately, the

best procedure for calculating the waste assimilative capacity of the

Sacramento River. As previously stated, the method inherently describes

conditions as they actually occiir in the river. However, intensive sur-

veys are required throughout wide ranges of flows and temperatures in

order to be able to predict rates of diffusion, photosynthesis, and

respiration under future conditions below Sacramento. In particular,

more adequate data on respiration are required. These caxi be derived

from pH and alkalinity determinations made concurrently with oxygen deter-

minations (39) > supplemented by light and dark bottle measurements made

at three-hour intervals. In general, intensive field surveys should be

conducted over i+8-hour periods and include sampling at three-hour inter-

vals at:

Mile Location

62.6



The field program sho^lld be supplemented with additional laboratory studies,

of river waters, possibly vising manometric techniques, of oxygen uptake

and caurbon dioxide production. BOD determinations of wastes should be

made at l/2, 1, 2, h, 8, and l6 hours and 1, 2, and 5 days.

General monitoring information on oxygen relationships shoiild

be obtained by continuo\is recorders for dissolved oxygen, temperature,

and pH located at Sacramento between mile 5^*1 and mile 55 and at Walnut

Grove (mile 26.7).
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CHAPTER VI. ASPECTS OF WATER QUALITY MANAGEMENT

Effects of various tributeury and waste dischaLrges upon water

quality in the Sacramento River have been discussed in detail in Chapters

IV and V. The requirements for future monitoring of the river emd its

influents in order to maintain optimum water quality conditions must

be rigorously established. For conservative constituents, such as chlo-

rides, a logical data program can best be based upon sauLt-routing or

materials balance techniques. For nonconservative constituents, such

as organic materials and dissolved oxygen, the data program involves less

exact methods based upon continuous evaluation of current conditions.

Conservative Constituents in the Sacramento River

The conservative (dissolved mineral) content of the water in

the Sacramento River is a significant characteristic, important not only

in evsiluating the water for various beneficieil uses, but also in develop-

ing an understanding of the water quality regimen of the river.

The source and magnitude of dissolved mineral content are depend-

ent upon many factors, generally dealing with geochemical and hydrologic

conditions on tributaj:y watersheds. For the purposes of this discussion

it is sufficient to consider only the total amovints of dissolved minerals

contributed by the various tributary streams and other accretions.

The general water quality regimen of the Sacramento River is

best understood by outlining the flow emd mineral concentration relation-

ships that exist between the river and its various tributaries from Keswick

Dam to Freeport.
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Basic Data

Various water sampling programs have been conducted during the

past 50 years which serve to delineate the magnitude of dissolved minerals

contained in the Sacramento River and its tributary streams. These pro-

grams have differed both in their periods of record and their degree of

detail. Since the early igUO's, water sampling programs have been suf-

ficiently continuous and detailed to provide an index of annual water

quality conditions in the Sacramento River itself. However, only since

about 1955 have water qviality data been adequate to calcvilate with reason-

able accuracy, the relationships between the various tributary sources

and the water quality regimen of the river.

Throughout the following discussion, specific electrical con-

ductance of water, expressed as micromhos per square centimeter at 25 "C,

is used as a measure of concentration of dissolved minerals. The con-

ductance is proportional to the concentration of dissolved minerals in

Sacramento River water.

Flow-Mineral Concentration Relationships

The Sacramento River is generally an accreting stream, normally

doubling its annual mean flow over the reach between Keswick. Dam and

Freeport. During the spring, it is normal for the river to more thaji

triple its flow over this reach, while during the rest of the year, the

flow remains more nearly constant. These different flow conditions are

reflected in chajnges of dissolved mineral content.

In many streams, a well-defined relationship exists between

flow and mineral concentration. This relationship can be determined

enipiricEilly by plotting flow rate versus mineral concentration for the

stream at any point. Such well-defined relationships generally exist
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on streams draining watersheds of a homogeneous character and upon which

very little chaiige from natural conditions of storage and use hais occurred,

and indicate stable watershed characteristics. However, on the Sacramento

River, a stable, well defined, characteristic is not in evidence.

Water from Keswick Reservoir contains dissolved mineral concen-

trations that are not related to the rate of flow from the reservoir;

rather, these concentrations are controlled by the degree of mixing of

waters of different characteristics flowing into the reservoir. As flows

proceed downstream from Keswick Dam, accretions of water 8uid dissolved

minerals from the various independent tributaries, tend to develop a rela-

tionship between flows and mineral concentrations in the river. By the

time flows have reached Sacramento, an indifferent relationship exists.

This relationship is neither well defined nor stable, since it is heavily

dependent upon which of the maiiy independent tributary sotirces is predomi-

nating at the time of a particular flow occxirrence. Meeui concentrations

of dissolved minerals at Freeport dtiring months when Feather and American

River flows are high, are inversely proportional to Sacramento River flows.

When these tributary rivers are at low flow, and the agricultural drain

flows are high, an increase in flow in the Sacramento River is usually

associated with an increase in mineral concentration.

A mathematical model of flow and dissolved minereO. content of

the river system was developed to provide a quantitative description of

the interrelationships between the dissolved minereO. contents of the

Sacramento River and its tributaries. The model was operated under con-

ditions prevailing during the I96O calendar year when water quality con-

ditions were within 10 percent of the 20-year mean and hydrologic conditions

were within 25 percent of the 50-year mean. This indicates that I96O

was adequately representative of normal conditions. Further, these
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relationships suggest that water quality varies over a much smaller range

than stream flows, conclusion that is supported by independent anatlyses

of flow-quality correlations.

The mathematical processes eniployed in this evaluation were

simple but volimiinous. Commencing with a mean flow rate from Keswick

Reservoir containing a measured mineral content, the various accretions

to the river were successively added to both the flow rate and mineral

content respectively. Just before each point of diversion, the summation

of mineral content were divided by the svmnnation of flow rate to compute

the mineral concentration of diverted water. Subsequently, the quantity

of both water and mineral content contained in the depletion was subtracted

from the main flow. This process was repeated for each of the measured

accretions and depletions of the river until a point was reached where

daily sampling data provided sm adequate measiire of the river's meem

mineral content. At these points, the computed mean mineral concentra-

tions were compared with the measured values. This verification process

indicated possible errors of less than 10 percent and 20 percent when

considering annual and monthly means, respectively.

The apparent errors in these cetlculations are useful in estab-

lishing the significance of quantitative results of this study and for

evaluating the adequacy of the existing basic data collection program.

Qiiantitative Results

The Sacramento River normally is an accreting stream with two

typical seasonal accreting patterns. The auinual mean flows and mineral

concentrations (as electrical conductemce) and means of two periods repre-

sentative of the typical seasons are presented on Figure 36.
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Although detailed interpretation of the water quality regimen

cannot be made on an annual basis, the data in Table 38 are useful in

evaluating contributions from vario\is tributaries to the flow and minered.

content of the river.

Table 38

i960 ANNUAL MEAN CONTRIBITTION

FLOW AND MINERAL ACCRETIONS TO SACRAMENTO RIVER, I96O

. Percent of
[Total Inflow

: :Mean Mineral
.Percent of Total. Concentration
.Mineral Content .^^ Micromhos

INFLOW

Sacramento at Keswick



in less than 20 percent of the accreting flows. In a sense, these flows

could be considered as the soiirces of degradation of the river. Sacramento

Slough and Colusa Basin Drain constitute the major portion of these de-

grading flows, and contribute almost 25 percent of the total mineral

content in the river, while providing less than 10 percent of the total

flow.

The Feather River reduces the effects of these degrading flows

on the Sacramento River. Figure 3^ shows that seasonal variations in

the quantities of degrading flows are not large, while the extreme fluc-

tuation in flows of the Feather River are instrumental in causing the

mineral concentration of the Sacramento River at Freeport to vary more

than 50 percent. It follows that when flows of the Feather River become

regulated by large upstream storage capacity, seasonal mean mineral con-

centrations in the Sacramento River will approach the calculated annual

mean. Other than for the effect of the Feather River, no generalized

statement can be made concerning the relative effect of any specific

tributary on seasoned, variations in mineral concentrations of the Sacramento

River. Although the American River exerts a significant effect by reduc-

ing the minerel concentrations in the Sacramento River, there appears

to be no seasonal cycle to. its effect. The same is true of the various

agricultural drains. Although there is a tendency for all agricvilturaGL

drains to become more concentrated with dissolved minerals during the

winter months, there does not appesir to be any distinct seasonal pattern

among them, either individually or collectively, which would relate to

the magnitude of their effects on the mineral concentrations in the

Sacramento River.

There axe about 70 sites of accretion or depletion euLong the

Sacramento River, any one of which is capable of exerting a significant
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effect on the river's dissolved mineral content. The relative magnitude

of these effects is vsiriable and with present knowledge, not predictable

to a high degree of reliability. However, subject to the limits of accuracy

with which, water qusQ-ity conditions can be measiired on the tributary

soiirces, a mathematical model of the river system is capable of comput-

ing the combined effect of these tributaries on the river's dissolved

mineral concentration. A conrparison of these computed values with measured

values of dissolved mineral concentrations along the Sacramento River

indicates some question of the accuracy with which the existing water

quality data collection program measures conditions on the tributary

sources. Comparison of dissolved mineral concentrations computed and

measured on the Sacramento River at various locations are shown in Table 39-

Adequacy of Basic Data

During i960, about 30 percent of the dissolved mineral inflow

to the Sacramento River was sampled on a continuous or daily basis, about

60 percent was sampled monthly, and about 10 percent was not sampled at

all. To a large degree, the frequency of sampling establishes the credi-

bility of resulting basic data. Therefore, the major portion of dissolved

minerals entering the river have been assessed at values that are not

beyond question in accuracy.

Ground water surface contours indicate that the Sacramento River

is usually accreting flow from ground water from Keswick to about Butte

City, and that it is losing water to ground water from Butte City to

Freeport. This condition causes an actual gain and loss of water that

is included, but not always apparent, in the net unmeasured accretions

to stream flow that axe determined by difference between the summation

of tributary flows and the measured outflow for a reach. Since accretions

-152-



ON
ro

0)H

Eh
a

i



of grotmd water are generally at least three times as concentrated with

dissolved minerals as the river water, it would be expected that computed

mineral concentrations as Butte City wovOxL be lower thaxi the measured

values by a magnitude that would indicate the quantity of ground water

accretions. As shown in Table 39^ the percent difference between computed

and measured concentrations as Butte City ranges from -12^ to +8^ with

a median value of -8^. The visual unmeausxared accretions of dissolved

minersLLs causing this magnitude of difference at Butte City is about

5,000 tons per month. A total accretion of about 200 cubic feet per

second of ground water over the reach from Red Bluff to Butte City could

easily account for this increment of minerals, ajid yet remain undetected

in the determination of net linmeasured accretions of flow. The data sug-

gest, therefore, that the Sacramento River is receiving an unmeasured

accretion of ground water of some 200 cfs at a minersil concentration of

about 500 micromhos.

In the reach of the Sacramento River from Butte City to Freeport,

it is genersilly not possible for groimd water to flow into the river.

Computed values of mineral concentration appearing below Wilkins Slough

and Freeport during the siommer are low because they do not include unmeas-

ured surface drainage water flowing into the river. It is also possible

that values of mineral concentrations determined for the measured accre-

tions to the river are too low, particulaxly for the Feather River during

low flow conditions.

The computed mineral concentration values exceed the measured

values during the winter and early spring, when flows from the small tribu-

taries become more important. It follows that unrepresentative high values

were obtained for winter-time mineral concentrations in these smaller

accretions.

'i
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Short-term variations in concentrations of various mineral con-

stituents have been previously noted, particularly with respect to con-

tinuous conductivity measurements. ResiJ.ts of mineral analyses of samples

collected during the intensive sampling period, August 29 to September 2,

i960, at Bryte (mile 62.6) at three-hour intervals are sijmmarized in

Table UO.

Table 40

SHORT-TERM VARIATIONS IN MINERAL QUALITY IN SACRAMENTO RIVER
AT BRXTE (MILE 62.6), AUGUST 29-SEPTEMBER 2, I960

Constituent



may be fortuitously obtained diaring grab sainpling can thus account for

errors in salt-routing coraputations

.

Monitoring for Conservative Constituents

Mineral concentrations in the Sacramento River reflect a fine

and highly responsive balance of the complex and interracting flows and

mineral concentrations in all of the tributary sovirces. It is impossible,

with present knowledge, to relate significant changes in the mineral con-

centration of the river to any specific tributary or combination of tribu-

taries with a high degree of reliability. On the other hand, this balance

condition in the Sacramento River can be computed to a degree of accuracy

limited almost entirely by the ability to determine flow and water qiiality

conditions on the tributaries.

It is therefore concliided that, since the river is sum of its

parts, future emphasis shoiild be placed on study of conditions affecting

flow and mineral concentrations of the tributary souirces, rather than

continuing attempts to study effects of the tributaries upon the Sacramento

River. A knowledge of the factors affecting flow and mineral concentra-

tions of the various tributaries, coupled with the existing knowledge of

the tributaries combined effect on the Sacramento River, wovild constitute

a soiind basis for making short and long-term predictions of water quality

conditions required for effective water quality management. The require-

ments for these predictions, for determining long range rates of accumu-

lation or leaching of salts from soils and for maintaining current information

on water quality in the river can be met by the monitoring program outlined

in Table ii-1, evaluated in conjunction with water quality data obtained

from within the tributary watersheds.
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The program outlined in the table provides varying degrees of

coverage on inflows from 95 percent of the tributary area above Sacramento.

Although some new permanent stations are added, the ultimate effect will

be a reduction in the department's surface water quality monitoring pro-

gram for the Sacramento River. Temporairy stations are shown for tribu-

taries where supplemental data are required. On the main stem of the

river, additioneil temporary stations vlH provide continuity and checks

on calculated water quality.

The program outlined herein will provide adequate current data

and the background for predictions of future water quality in the river.

A necesseu:y element in the revised program is the continiiing analysis

of current data so that periodic reports on water quality in the river

can be published in the minimum time

.

The partial mineral analyses include determinations of specific

conductance, pH, calcium, sodium, carbonate, bicarbonate, chloride, boron,

percent sodium, carbonate and noncarbonate hardness, and turbidity.

Complete minered. emalyses include, in addition to those in the

peurtial analyses, determinations of magnesium, potassiimi, sulfate, nitrate,

fluoride, silica, phosphate, and total dissolved solids.

Analyses for trace elements include determination of aluminim,

beryllium, bismuth, cadmium, cobalt, chromiimi, copper, iron, gaUium,

germanium, manganese, molybdenum, nickel, lead, silver, titanium, vanadium,

euid zinc by spectrographic methods. Wet chemical procedures are used for

arsenic and selenium.

Analyses at the cooperative USGS daily stations include deter-

minations of specific conductance, pH, calcium, magnesium, sodium, potas-

sium, carbonate, bicarbonate, s\ilfate, chloride, boron, nitrate, fluoride,

and carbonate and noncarbonate hardness, and silica.
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Nonconservative Constituents in the Sacramento River

Temperature

Concentrations of dissolved oxygen, organic materials, and

SLlkalinity vary seasonally and diurnal 1 y because of biological activity.

Temperatures vary seasonally throughout the river and diurnally to a

degree which is controlled by local hydrographic conditions. In general,

intensive short-term studies in selected areas at critical periods of

the year are the major so\irces of information required for water quality

management. Continuous or integrated monitoring of certain constituents

identify needs for intensive surveys and provide supporting data. The

following monitoring program will provide the mini muni amount of data

required:

- continuous record at aH stations where

other types of recorders are or will be

in operation.

- continuous records are required at

Sacramento (mile 63.6) and Walnut Grove

(mile 2'J.k). At intervals of about

three years, dissolved oxygen levels in

the lower reaches of the Sacramento and

American Rivers should be obtained from

intensive surveys during the critical

month.

- to be determined during intensive survey.

- to be determined during intensive survey.

- permanent installations for determina-

tion of organic materials by the carbon

adsorption method should be provided on

the Sacramento River at Colusa

Dissolved Oxygen

pH and Alkalinity

Nitrogen Series

Organic Materieils
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(mile l^J+.l), Sacramento (mile 63.6),

and Walnut Grove (mile 27 A) and on the

American River near the mouth.

Algae - monthly analyses of the Sacramento River

at Redding (mile 297.7), Colusa (mile

1^4-. 1), Sacramento (mile 63.6), and

Walnut Grove (mile 27. U) are required.

Bacteriological Quality - sanrpling requirements for bacteriologi-

cal data can be met during intensive

surveys of oxygen relationships.

Other Constituents - analyses for ABS and phenols are made

semiannuEilly for monthly stations listed

in Table 4l.
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CHAPTER VII. SUMMARY

The Sacramento River Water Pollution Survey has provided base-

line vater qual i ty conditions in the river from Shasta Dam to Mayberry

Slough; information on present sovirces of degradation and their influence

on water quality in the river; and recommendations for future routine

water queG-ity monitoring and special investigations necesseury in a water

quality management program.

The field program was conducted from April i960 through June

1961 at stations shown on Plate 1. Hydrologic conditions during this

period were 75 or more percent of the 50-yeaLr mean while water quality

conditions were within 10 percent of the 20-year mean. This means that

while hydrologic conditions vary over wide ranges, water quality varies

over much smaller ranges. Accordingly, although the following discussion

is based primarily on the I96O-61 svirvey data, it is considered representa-

tive of present conditions.

Water temperatures at Keswick generally vaxy between 50 and

55*F« During winter months, temperatures decrease as the water moves

downstream. For the rest of the year, tenrperat\ires rise to between about

60 and 75° above Sacramento. After being cooled a few degrees by inflows

from the American River, tenperatvires remain essentially constant except

for loceil seasonal- increases in the lower reach where tidal current re-

versals dominate. Divtmal temperature variations reflect local hydrographic

conditions and may be vised to determine mixing lengths.

The Sacramento River is slightly alkaline with a median pH of

7.3 from Keswick to Rio Vista. Tributary streams are similar and irri-

gation returns are somewhat more alkaline. Spring Creek is strongly acid
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because of mine wastes; however, this discharge is qxiickly buffered or

neutralized so that no effect on the river was observed.

Suspended solids, turbidity aiid color are low at Keswick, sub-

sequently reflect seasonal runoff from unregulated tributary streams,

and show increases due to irrigation retvirns and waste dischajrges £Uid

to algae in the middle and lower reaches. Tastes and odors reflect al gal

populations. River water used for domestic piurposes accordingly req\aires

treatment for turbidity and taste or odor removeJ. in eiddition to that

required for bacteriological purification.

Mineral quality of the water, as measured by specific conduct-

ajice or total dissolved solids, typically improves d\iring the spring months

as the river flows from Keswick to Sacramento due to snowmelt in tributary

streams. During the balance of the yeax, water quality is degraded by

irrigation return flows below Colusa, which typiceilly have specific con-

ductance values between 300 and 600 micromhos during the irrigation season

and between 600 and 1200 micromhos during the winter. Qtiality is improved

by flows from the Feather aM Americaji Rivers. Specific conductance varied

between about 120 and ito micromhos in the upper reach throughout the

year. At Sacramento, values ranged from about 120 in the spring to about

260 in September. Relationships between flow and quality in the river

are not clearly defined. Relationships between specific conductemce and

dissolved contituents are, in general, reasonably defined; locally, dif-

ferent source waters cause these relationships to be poorly defined.

In general, variations of constituent minerals are consistent with varia-

tions in conductance. Seven continuous conductivity recorders between

Red Blviff and Isleton showed the effects of intermittent discharges of

irrigation returns and provided data on travel times end mixing.
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Salt-routing studies have shovm that mineral quality in the

Sacramento River can best be established and can only be explained on

the basis of expanded monitoring ^f tributary flows.

The mineral quality of Sacramento River water presently meets

criteria for nil beneficial uses. Concentrations of various constituents

in the river at Sacramento are from one-third to one-half the objectives

stated in depairtmental contracts for the sale of water.

ABS concentrations in the river below sewage treatment plant

discharges are low. At Freeport, concentrations of 0.1 ppm were found

about heilf the time and none was detected during the remainder.

Dissolved oxygen concentrations varied between 10 and 11 ppm

neeu: Redding and decreased more or less uniformly throughout the remain-

ing length of river. Saturation values started out at 98 or 99 percent,

rose somewhat within the upper reach while the effects of heating were

dominant, and then decreased towards the mouth of the river. The oxygen

sag below Sacramento extends from about mile 50 to mile 15" with minimum

observed values between 5-2 and 6.5 ppm and between 51 and 69 percent

saturation. Diiimal variations of dissolved oxygen followed the classi-

cal pattern, with minima at about dawn and maxima in mid-aJTtemoon, for

62, k8, and 28 percent of the time in the upper, middle, and lower reaches,

respectively. The departures from the classical pattern which were found

during the balance of the time are explained by variations in respiration.

These variations, together with the over-all loss of oxygen in the water

as it flows from Redding to Mayberry Slough, limit the application of

both the oxygen-sag analysis (Streeter-Phelps, et seq) emd the diurnal

curve analysis (Odum) in characterizing the oxygen relationships in the

river.
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Rates of oxygen gains emd losses due to atmospheric diffusion,

photosynthesis, and respiration detennined from diurnal curve analyses

show qxialitativity the response of the river to veurious waste discharges

and provide the best method for vilti mate quemtitative determination of

waste assimilation capacity. Multiple linear correlations of physical

parameters and oxygen and BOD factors provide an independent method of

evaluating assimilative capacity. Additional studies are required to

establish absolute waste assimilative capacities by either method.
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CHAPTER VIII. RECOMMENDATIONS

Ultimate requirements for water quality management of the

Sacramento River system can best be met on the basis of the following

recommendations

:

1. The emphasis in water quality monitoring for conservative

constituents should be chajiged from the river to the tributaries. Two

permanent and eight temporary conductivity recorder installations; three

permanent daily water qxxality sampling stations in cooperation with the

U. S. Geological Survey; thirteen permanent ajid eleven temporary monthly

(paxtial mineral) surface water qxiality monitoring stations, with semi-

annual complete mineral, and trace element analyses; two permanent dissolved

oxygen recorder stations; three permanent carbon filter installations;

and four permanent monthly stations for algae analyses will provide the

min i mum of basic data. The locations of the above stations are listed

on Table ^4-1. This monitoring program will require monthly computation,

evalixation, and reporting of water quality in the Sacramento River.

2. Further analysis of data obtained during the present inves-

tigation should include:

a. Evaluation of verticeQ. and. longitudinal mixing from

continuous conductivity recorder data.

b. Multiple linear correlation of algae concentrations,

atmospheric diffusion coefficients, auad hydrographic features together

with flows, temperatures, oxygen levels, and BOD's to better estab-

lish waste assimilative capacities.

3. Conduct special 1:;wo-day intensive surveys of oxygen rela-

tionships with sajapling at three-hour intervals during each month of the

year for a two-year period. Determine flow, travel time, temperature,
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pH, alkalinity, dissolved oxygen, and short-term BOD in river and photo-

synthesis ajid respiration in light and dark bottles. Seimpling stations

should be located at miles 62.6, ^k.2, h6.3, hS.k, 3^-6, 2J.k, 26.7, 2U.3,

18.8, llf.2, 1U.2R0.2, and 12.8 on the river. Determine flows and short-

term bod's of waste discharges during intensive sampling periods.

k. A special study of water temperatures and heat balances

throughout the Sacramento River system, including the Sacramento-San Joaquin

Delta, should be made to provide operational criteria for reservoir opera-

tion, to estimate the capacity of the river to assimilate thermal pollu-

tion, and to provide data on mixing.

5. At intervals of about three years, conduct intensive sur-

veys of oxygen relationships and bacteriological conditions of lower reaches

of Sacramento and AmericEui Rivers d\aring August or September when waste

discharges reach annual peaks.

6. Investigate travel times, flow distribution, and mixing

in waterways of the Sacramento-San Joaquin Delta by means of continuous

conductivity recorders which will reflect intermittent discharges of irri-

gation return waters.

7. After monitoring program outlined in paragraph 1, above

has been in operation for one year, make predictions of future water

qtiality conditions in the Sacramento River. These predictions should

be made biennially and should include consideration of a Sacramento Valley

Master Drainage System.

8. Future investigations which are similar in scope to the

Sacramento River Water Pollution Survey should provide for about two man-

days on data evaluation for each man-day in the field, concurrently with

the data collection phase. Duri,ng the final data evaluation and report

writing phase, an additional two man-days in the office are required for

each day in the field. These ratios do not include laboratory requirements.
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Table T-9

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

JUNE 6 - 10, i960

EXPLANATORY COMMENTS

1. Unless otherwise noted, the .stations are on the Sacramento River.
The numerical designation of the stations was an artibrary method of
identifying the stations during the sampling program.

2. Values shown in parenthesis and marked with an asterisk ( ) appeared
unrealistic and were not used in computing maximum, minim\:mi and average
values

.

3. Values for biochemical oxygen demand (BOD) are reported in the follow-
ing manner:

Example
Method Time BOD

a. Values shown in the example at right were OIO5 1-93
obtained from duplicate analyses of a com- 03^4-5 1.03
posite of the two samples collected at the
specified times.

b. Two BOD values shown for one time indicates I915 1.27, 122
that duplicate analyses were made on a single
sample collected at that time.

c. A single BOD value reported between two times 1330
indicates that the value was obtained from a 1-25
composite of samples collected at those times. I62O

d. A single value shown for a specific time is 1530 l.UO
the BOD of the sample collected at that time.

h. Values for ABS, O-PO^, and T-POij. were reported in the same manner as
described for BOD resiilts under sections c. and d. of item 3.

T-82



TABLE T-9
SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

JUNE 6-10,1960

STATION Al



STATION Bit



TABLE T-9 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

JUNE 6-10.1960

STATION C8



TABLE T-9 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

JUNE 6-10, I960

STATION DU



TABLE T-9(Con(inued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

JUNE 6-10,1960

STATION d.^



Table T-10

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 3-7, i960

EXPLANATORY COMMENTS

1. Unless otherwise noted, the stations are on the Sacramento River.

2. Values shown in parenthesis and marked with an asterisk ( ) appeared
unrealistic and were not used in computing maximum, minimiim and average
values

.

3. Values for biochemical oxygen demand (BOD) axe reported in the follow-

ing manner:
Example

Method Time BOD

a. Values shown in the example at right were OIO5 1.93
obtained from duplicate analyses of a com- 03^5 1-03
posite of the two samples collected at the
specified times.

b. Two BOD values shown for one time indicates 1915 1-27, 1-22

that duplicate analyses were made on a single
sample collected at that time.

c. A single BOD value reported between two times 1330
indicates that the values was obtained from a 1'25
composite of samples collected at those times. I620

d. A single value shown for a specific time is 1530 l.U^O

the BOD of the sample collected at that time.

k. Values for ABS, 0-P0lj.,.and T-POI4. were reported in the same majiner as

described for BOD results under sections 3- and d. of item 3-

REFERENCE NUMBERS

1. Redding Sewage Treatment Plant (influent), mile 293. 8r. Sample col-

lected at either 07i4-5 and I050.

2. Red Bluff Bridge, mile 21+U.l. Samples collected at 2150, October 3,

and OOUo, October k were composited.

3. Red Bluff Bridge, mile 2kk.±. Samples collected at 2i<-00, October 3,

and 03^5 > October h were composited.

k. Ord Ferry, mile I8U.5. Samples collected at O8OO and 1355 were composited.

5. Ord Ferry, mile 18^1.5. Samples collected at 1055 and I655 were composited.

6. Ord Ferry, mile I8I+.5. Questionable value.
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TABLE T-IO

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 3-7. I960

srariON cyi



TABLE T-IO (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 3-7, I960

station: Uotc Claar



TABLE T-IO(Conlinutd)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 3-7, I960



TABLE T-IO (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 3-7, I960

STATION. Red Bluff 3ev»8e



TABLE T-IO(Conlinu*d)

SACRAMENTO RIVER WATER POLUITION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 3-7,1960

STITION FMt of U Clair tnaaa



TABLE T-IO (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
UPPER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 3-7, I960

«;TflTION: Comlnfl SewaKe TreaUnent Plant (influent)



Table T-11

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16, I96O

EXPLANATORY COMMENTS

1. Unless otherwise noted, the stations are on the Sacramento River.

2. Values shown in parenthesis and marked with an asterisk ( ) appeared
unrealistic and were not used in computing maximum, minimum and average
values

.

3- Values for biochemical oxygen demand (BOD) and electrical conductance
(EC) are results of suialyses of single samples.
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TABLE T-ll

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16, I960

STATION «Kil Ferry



TABLE T-ll (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16, I960

ST/tTlON Abon Otmnoi Ua4



TABLE T-l
I (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16,1960

STATION llerldlsn



TABLE T-ll (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16, I960

STATION AkOT* 1. 9.



TABLE T-ll (Conlinued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16,1960

STATION Unra CoIuM Dnln



TABLE T- 1 1 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16, I960

STATION I.



TABLE T- 1 1 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16, I960

STATION B



TABLE T-
1 1 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

SEPTEMBER 12-16, I960

STATION i



Table T-12

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

MAY 8 - 12, 1961

EXPLANATORY COMMENTS

1. Unless otherwise noted, the stations are on the Sacramento River.

2. Values for biochemical oxygen demand (BOD) and electrical conductance

(EC) are results of analyses of single samples.

T-lOU



TABLE 1 -12

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

MAY 8-12, 1961

STATION Ort Tmrj



TABLE T-12 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

MAY 8-12, 1961

STATION Coliua Brl4



TABLE T-12 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

MAY 8-12, 1961

STATION Ak9T« R. D.



STATION ».



TABLE T-12 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

MAY 8-12, 1961

STATION Co



TABLE T-l2(Con1inued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
MIDDLE REACH INTENSIVE SAMPLING PROGRAM

MAY 8-12, 1961

STATION. Be



Table T-13

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20 - 2k, i960

EXPLANATORY COMMENTS

1. Unless otherwise noted, the stations are on the Sacramento River.
The numerical designation of the stations was an aj"bitrary method of
Identifying the stations during the sampling program.

2. Values shown in parenthesis and marked with an asterisk ( ) appeared
unrealistic and were not used in computing maximi;im, minimum and average
values

.

3- Values for biochemical oxygen demand (BOD) are reported in the foBlow-
ing manner:

Example
Method Time BOD

a. Values shown in the example at right were OIO5 1-95
obtained from duplicate analyses of a com- 03^5 I.03
posite of the two samples collected at the
specified times.

b. Two BOD values shown for one time indicates I915 1.27, 1.22
that duplicate analyses were made on a single
sample collected at that time.

c. A single BOD value reported between two times 1330
indicates that the value was obtained from a 1.25
coniposite of samples collected at those times. I620

d. A single value shown for a specific time is 1530 l.UO
the BOD of the sample collected at that time.

h. Values for ABS, O-POi^, and T-POi^ were reported in the same manner as
described for BOD results under sections c. eind d. of item 3.

5- Results of analyses of samples collected at sewage treatment plants
are reported on page T-123-

T-in



TABLE T-13

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

station: A62.6



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24. I960

STATION A58.?



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

STATION A53



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

ST4TI0N BLe



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

STATION. Bli3.li



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

STATION C3»^



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

STATION C33



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE tO-Z4, I960

ST4TI0N CJ».t



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

STATION mh



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

STATION D20



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

STATION: E13.li



TABLE T-13 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

JUNE 20-24, I960

STATIONIU.O



Table T-14

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29 - SEPTEMBER 2, I96O

EXPLANATORY COMMENTS

1. Unless otherwise noted, the stations ore on the Sacramento River.

The numerical designation of the stations was an arbitrary method of

identifying the stations during the sampling program.

2. Values shown in parenthesis and marked with an asterisk ( ) appeared

unrealistic and were not used in computing maximum, minimum and average

values

.

3. Values for biochemical oxygen demand (BOD) are reported in the following

manner:
Example

Method Time BOD

a. Values shown in the example at right were obtained OI5O 1.93
from duplicate analyses of a composite of the two

samples collected at the specified times 03^5 1-03

b. A single BOD value reported between two times indi- 1330
cates that the values was obtained from a composite 1-25

of samples collected at those times

.

I620

c. A single value shown for a specific time is the 1530 l.l+O

BOD of the sample collected at that time.

Values for ABS, O-POi^., and T-POl| were reported in the same manner as

described for BOD results under sections b.and c. of item 3-

T-12k



TABLE T-14

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

STATION Ate.

6



STATION American River

TABLE T-l4(Conlinued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

MILE 60.VL

DATE



TABLE T- 14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

STATION A55.5



TABLE T-14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

STATION »52



TABLE T-l4(Continu«d)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

STATION Hitflnii- 111 Hwac* TrMtaent PUst



TABLE T-14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

station: ah%



TABLE T-l4(Conlinu*d)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMeER 2, I960

STATION B19



TABLE T-14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

STATION CH



TABLE T-l4(Conlinued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMeER 2, I960

STATION C3



TABLE T-14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

station: C-D-2T.lt



TABLE T-14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

STATION De3



TABLE T-14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

STATION D16.8



TABLE T-14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

srsTiON ni.u



TABLE T-14 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

AUGUST 29-SEPTEMBER 2, I960

E6.5

DATE



Table T-15

RESULTS OF ANALYSES
LOWER REACH lOTENSIVE SAMPLING PROGRAM

OCTOBER 2k - 28, I96O

EXPLANATORY COMMENTS

1. Unless otherwise noted, the stations are on the Sacramento River.

2. Values shown in parenthesis and marked with an asterisk ( ) appeared

unrealistic and were not used in computing maximum, minimum and average

values

.

3. Values for biochemicELl oxygen demand (BOD) are reported in the follow-

ing manner:
Example

Method Time BOD

a. A single BOD value reported between two times indi- 1330
cates that the value was obtained from a con5)osite 1-25

of samples collected at those times

.

I620

b. A single value shown for a specific time is the 1530 l.UO

BOD of the sample collected at that time.

h. Values for ABS, 0-POi^, and T-POi|. were reported in the same manner as

described for BOD results under item 3-

5. Values for electrical conductance (EC) are results of analyses of

single samples.

T-139



TABLE T-15

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28, I960

STATION At



TABLE T-l5(Cont(nued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28, I960

STATION tm



TABLE T-l5(Conlrnued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28, I960

STATION. At



TABLE T-l5{Contmu«d)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28. I960

STATION «t



TABLE T-l5(Conlinued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28,1960

STATION Meadowvlev Swafie Treataen



TABLE T-l5(Conlinu«<))

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28, I960

SMTIW «1



TABLE T-15 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF
LOWER REACH INTENSIV

OCTOBER 24

ANALYSES
E SAMPLING PROGRAM

28. I960

STATION: Merrltt iBlaml Londlnfi at



TABLE T-l5(Conlinued)

SACRAMENTO RIVER WATER POLLUTON SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28.1960

ST4TI0N SOMtb End of CourtlinJ



TABLE T-l5(Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28, 1960

<;TaTION Vorden foDOOslte brick buildlrwa on left bank)



TABLE T-l5(Continu«d>

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28,1960

STATION 1



STATION At



TABLE T-l5(Conlinue<))

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-26,1960

STATION A



TABLE T-l5(Conlinued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES
LOWER REACH INTENSIVE SAMPLING PROGRAM

OCTOBER 24-28, I960

station: Vii
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TABLE T-17

SACRAMENTO RIVER WATER POLLUTION SURVEY

QUALITY CROSS-SECTIONS-SACRAMENTO RIVER
1960-1961

River
Hilc



TABLE T-17 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

QUALITY CROSS-SECTIONS -SACRAMENTO RIVER
1960-1961



TABLE T-17 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

QUALITY CROSS-SECTIONS -SACRAMENTO RIVER
1960-1961

I : : : t Location of :



TABLE T-17 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

QUALITY CROSS-SECTIONS -SACRAMENTO RIVER
1960-1961

River :



TABLE T-17 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

QUALITY CROSS-SECTIONS -SACRAMENTO RIVER
1960-1961

River
mie
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TABLE T-18

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES

TRIBUTARIES OF SACRAMENTO RIVER

1960-1961

8tr»« Nile
Str««a
Location

,Lwte Coll-cU^



TABLE T-ie (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES

TRIBUTARIES OF SACRAMENTO RIVER

1960-196!

|8tr»—m*
1



TABLE T-19

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES

WASTES DISCHARGED TO SACRAMENTO RIVER

1960-1961



TABLE T-19 CContinued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES

WASTES DISCHARGED TO SACRAMENTO RIVER

1960-1961



TABLE T-19 (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

RESULTS OF ANALYSES

WASTES DISCHARGED TO SACRAMENTO RIVER

1960-1961

ISLETON SEWAGE TREATMENT PLANT, MILE 18. IL

D.t« Collected 8-30-60 8-iO-6o8- 30
oSSf

8-30-60 8-30-60 9-X-60 >-l-60 9-1-60 q-1-60

Tl»e (>.S.T.1_
Diachrge,

!30 12

Instantaneoua
532 o3i: i-

TBiT

Teap. "F
"

Dissolved Qjggen, ppm
JS_

OTI? oTir ^8?W-ois ?!iK m- »
jk: 12- TZ- I3_ 32_

!t Saturation
£H Field
EC X IQfc at ;5°C
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SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
ECi 10' 925"C



E C I IO«eZ5*

ISO t- 200

ECilO«»S5*
ISO I- ZOO

FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)
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SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continutd)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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SACRAMENTO RIVER WATER POLLUTION SURVEY
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SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
cc.ia»«»»'c

100



FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Conlinutd)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
EC»I0*@2VC



FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
E CilO«92V eciia*«ts*c



FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
EC»I0«925"

ISO 1- 200
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SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
E CilO»9 25"C eCalO*«2S*C
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continu«d)

SACRAMENTO RIVER WATER POLLUTION SURVEY
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FIGURE T-l (Continued)

SACRAMENTO RIVER WATER POLLUTION SURVEY

SPECIFIC CONDUCTANCE-SACRAMENTO RIVER
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PLATE I

U5CATION OF SAMPLING STATION,
RIVER MILE.

SEWAGE TREATMENT PLANT AND IN-
DUSTRIAL WASTE DISCHARGES, SAMPLE!
MONTHLY.

SAMPLED ONCE OR TWICE MONTHLY FOI

PHYSICAL, CHEMICAL. AND OXYGEN
ANALYSES.

SAMPLED MONTHLY OR BIMONTHLY FOR
PLANKTON. BOTTOM ORGANISMS, SEDI-

MENT GRADATION. DISSOLVED OXYGEN
AND TEMPERATURE.

SAMPLED DAILY FOR TEMPERATURE AN
ELECTRICAL CONDUCTANCE CHEMICAL
ANALYSES OF COMPOSITE SAMPLES.

PERIODIC ORGANIC ANALYSES SAMPLINC
USING CARBON ADSORPTION METHOD.

CONTINUOUS ELECTRICAL CONDUCTIVIT
RECORDER.

»'/,

STATE OF CALIFORNIA

THE RESOURCES AGENCY OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES

DELTA BRANCH

SACRAMENTO RIVER WATER POLLUTION SURVEY

SAMPLING PROGRAM
AND

AREA OF INVESTIGATION
1960-61

SCALE IN MILES
5
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